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This new contactor, with its 25,000 ampere through current rating, 
permits cascading motor starter with a back-up breaker to protect 
a group of motors on systems up to 150,000 kva, 5000 volts, 
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Maximum Rating of New Contactor 


400 Amperes 50,000 kva 
19 kv @ 60 — for one min, 
2500 hp @ 5000 V. 


60 kv impulse 
1500 hp @ 2500 V. 
25,000 amperes through current for 30 ~. 


HE ALLIS-CHALMERS Type 256 Air Contactor series 

has been expanded to include a 400 ampere, 5000 
volt contactor, It’s the first air contactor with this high 
rating! The first air contactor to control 5000 volt motors 
to 2500 hp... . 3000 hp at unity power factor! 


This new contactor is designed to fit your control 
system into your distribution system in any one of these 
three ways: 


1. In conjunction with back-up breakers rated up to 
25,000 amperes interrupting capacity; 150,000 kva 
at 4600 volts, 100,000 kva at 2300 volts, 


2. With non-current limiting power fuses rated 250,- 
000 kva and permitting instantaneous peaks to 
54,000 amperes for one cycle. 


3. Without back-up protection, on systems where 
faults cannot exceed 50,000 kva. 


This 400 ampere air contactor will withstand short 
Circuits up to 150,000 kva for 30 cycles. It provides a 
wide margin of safety when used with back-up circuit 
breakers with interrupting time of eight cycles. 


Now, for the first time, this contactor provides both 
low initial cost and low maintenance cost for control of 
motors above 1000 hp at 2300 volts . . . above 1,300 
amperes initial starting current. And it’s recommended 
for continuous service on severe duty cycles! 

For a contactor, a single starter, or an entire control 
group . . . to control squirrel-cage, wound rotor or 
synchronous motors . . . check with Allis-Chalmers. 
Call your nearby A-C representative or send for bul- 
letins 14B6410 and 14B7303. A-3201 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 
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Why go on losing money on lines 
with so-called “adequate” voltage? 


OU MAY THINK 105v or 110v is “adequate.” Lights 

work, motors run, stoves heat, and alee play. But 
they aren’t operating at their rated voltage. Users are 
affected in many ways. Motor life is shortened .. . light 
bulb efficiency is low .. . heating is slow. Users are losing 
money whether they know it or not! 

And operators are losing money too! Low voltage 
means power consumption is reduced . . . hence revenue 
is lower than it should be. It costs money not to regulate 
voltage. 

But there’s a big difference in regulators, A regulator 
that holds a narrow 2 volt band can maintain average 
voltage 1 volt higher than one holding a 4 volt band. 
Only Allis-Chalmers builds a pole type step regulator 
that can hold a 2 volt band. 

You can use the band width advantage in three ways: 

1, You can increase revenue. 
2. You can increase load carrying capacity. 
3. You can extend feeder length. 


ALLIS-CHALMERS 


Every day you wait to correct low voltage you are 
losing money. Call your nearby Allis-Chalmers Sales 
Office now. See what regulators can do for you. —a.3199 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


Judge a Regulator by the Band Width it Holds! 


2 volt band 4 volt band 


The Allis-Chalmers pole type regulator is the only pole type step 
regulator that can hold a narrow 2 volt band. Use the band width 
advantage of this regulator to hold higher average voltage. Get 
quicker return on dollars invested in regulation, 


Originators of %% Step Regulation 
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HIGHLIGHTS........ 


Inflation, Dues, and Service. Some 
budgetary problems of the Institute are 
discussed by President LeClair this month, 
and in Where Your Money Goes W. 
J. Barrett, Chairman of the Finance Com- 
mittee, explains some of the items of 
income and expenditure from the annual 
financial report (pages 1049-57). 


Fall General Meeting Digests. Brief 
authors’ digests of conference papers pre- 
sented at the Fall General Meeting held in 
Oklahoma City, Okla., October 23-27, 
are included in this issue (pages 1775-79). 


Carrier-Controlled Relay Servos. In this 
type of servo system a carrier voltage is used 
to control transmission characteristics of a 
relay. The uses of the carrier-controlled 
relay servo and an analysis of its charac- 
teristics are presented (pages 1052-56). 


Obligations of the Engineer. The engi- 
neering profession is not understood by the 
general public. Dr. Kouwenhoven thinks 
this is because all those engaged in engi- 
neering have failed to educate the public 
to the services and responsibilities of the 
engineer (page 7057). 


Field Testing a Microwave Channel. 
Transmission of three voice conversations, 
two types of protective relaying, two telem- 
etered quantities, and supervisory control 
of eight points now is being transmitted by 
microwave channel to a reflector and from 
the reflector to the terminal equipment in 
an experimental installation of the Penn- 
sylvania Electric Company between Sew- 
ard and Johnstown, Pa. (pages 1092-97). 
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Stereo-Television in Remote Control. 
The handling of radioactive materials has 
been made easier by the use of stereo- 
television. With this newly developed 
equipment, depth perspective is added to 
television pictures so that equipment can 
be handled safely and efficiently by master- 
slave controls (pages 1058-62). 


Light Conditioning Homes. Many ideas 
for improving lighting in the home have 
been developed and are presented in the 
form of lighting recipes. These recipes 
specify the types and sizes of lights, proper 
fixtures, and the correct placement of the 
lamps for many seeing situations in the 
home (pages 1066-69). 


Conduction Phenomena in Gases. The 
processes occuring in gases to cause them 
to change from insulators to conductors 
(that is, causing breakdown) are discussed. 
The subject is divided into three cases: 
(1) high-frequency fields; (2) d-c fields at 
low gas pressures; and (3) d-c fields at high 
gas pressures (pages 1071-76). 


Electrical Work Injuries in California. 
The ratio of death-to-injuries in occupa- 
tional accidents in California is 50 times 
higher in electrical accidents than in all 
other types of accidents involving work 
injuries. The Division of Industrial Safety 
of California is conducting a program of 
education and law enforcement to reduce 
such accidents (pages 1076-77). 


Design of Electrical Education Buildings. 
Many ideas which should be incorporated 
in the design of a new electrical engineering 
building are discussed by J. D. Ryder, head 
of the Electrical Engineering Department, 
University of Illinois, and W. B. Boast, 
professor of electrical engineering, Iowa 
State College. They advocate that the 
building be planned to accommodate 
unanticipated future needs rather than be 
geared to the needs of the past (pages 7087— 
86). 


The Graph-Scope. An instrument for 
plotting data electronically by means of a 
keyboard and presenting the curves on the 
screen of an oscilloscope has been developed 
recently. This versatile device allows the 
scales of the chart to be varied after the 
data has been inserted, so that it can easily 
be seen if the data fits any standard mathe- 
matical function (pages 7097-1700). 


Unionmelt Voltage Controls. The varied 
applications to which Unionmelt welding 
has been put have required a number of 


Highlights 


publication office 20th & Northampton Strects, Easton, Pa. 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of 
a technical program paper, including dis- 
cussion, if any, as it will appear in the annual 
volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became 
effective January 1947 (EE, Dec °46, pp 
567-8; Jan ’47, pp 82-3). They are avail- 
able to AIEE Student members, Associates, 
Members, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Electrical Engineering 
in abbreviated form. 


Location of 
Order Forms 


Feb ’50, p 46A 


Meetings Covered 
Winter General 


Winter General 
North Eastern District 


Jul 750, p 30A Great Lakes District 


Summer and Pacific 
General 
3 Middle Eastern District 
eee a General 


types of welding voltage controls. The 
circuits and operation of three of these 
controls, electronic, series, and air, are 
described this month (pages 7702-04). 


Loss and Recovery of Synchronism. The 
loss and recovery of parallel operation of a 
generator in a 132-kv power system, with a 
minimum of switchboard operating, is 
described in a way intended to be helpful 
to operating men. The cause of the loss 
of synchronism, the changes in the system, 
and the action needed to resynchronize the 
system are given (pages 1105-07). 


Magnetic Amplifier Characteristics. A 
method, which has been checked experi- 
mentally, has been developed to calculate 
the steady-state characteristics of magnetic 
amplifiers in terms of data of design. This 
method entails applying Kirchoff’s and 
Faraday’s laws to the amplifier’s electric 
circuits and using Ampere’s laws in finding 
the relationship between currents and field 
intensities (pages 7109-15). 


The article ‘‘Pulse Measuring of De- 
ionization Time’ by H. H. Wittenberg 
(EE, Sep ’50, pp 823-7) was presented to the 
Graduate Division of Franklin and 
Marshall College, Lancaster, Pa., as a 
thesis, this being part of Mr. Wittenberg’s 
work for the Master of Science degree 
awarded him in June 1949. 
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HIGH- SPEED 
MOTION PICTURE CAMERAS ., 


WILL 
SHOW 
YOU 


Fastax High-Speed Motion Picture Studies Have Been Made of: 


® Machine Shop Tools Working. @ Mechanical, Electrical, Physical and / Anatom- oe 
_ ical Reflexes and Vibrations. cee waa 
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@ Failure of Rapidly Moving Machanime- a 


@ Other applications too numerous te mention. 
WRI TE for catalog and information: on ho 


® Faulty Design Problems such as shattering 
relay contacts and cams. 


@ Gas and Liquid Flow... Combustion. for you... Completely portabl ! 
to use. Wollensak Optical Co., 806 Hudson 


Ce) High-Speed Weaving and Spinning Operations. exon: Rochester 21, N. ue 
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Inflation, 
Dues, 
and 


Service 


T. G. LECLAIR 
PRESIDENT AIEE 


HE INSTITUTE, like any other big family, has its 

budgetary problems, and these problems affect all of 

the Institute’s operations and the services it is able to 
give to the rapidly increasing membership. During the 
past few years your Institute has moved gradually from a 
condition of being comfortably in the black to a situation 
where it has become very difficult to keep expenses within 
income. You will be inter- 
ested in the Finance Com- 
mittee’s report on pages 1050— 
51, which shows that, as a 
result of careful administra- 
tion, the 1949-50 operations 
came very close to the bal- 
ance point. Figure 1 shows 
the distribution of income and expenditures for the fiscal 
year ending April 30, 1950, and Table I shows these items 
calculated on a per-member basis. 

The rapid increase in membership means more pages of 
publications and to do our job properly means increased 
service to the members. How are we going to accomplish 
increased service in the face of rising costs for such items 
as paper, printing, salaries, and all the other expenses that 
go to make up our annual budget? Where do we go from 
here? 

One approach to the problem is to cut expenses. One 
place to cut expenses would be to reduce the number of 
technical papers published. With the expanding nature 
of electrical engineering and with rapid advances in the 
art, engineers need this service and if the Institute does not 
give it, the result might be further fragmentation. Much 
of our money goes for publications. Could this expendi- 
ture be cut? Electrical Engineering and the Transactions 
are the only contact which some members have with the 
Institute and the only means by which new developments 
are made completely available. Also, reduction in the 
service rendered by the publications would reduce their 


costs? 


T. G. LeClair is Chief Electrical Engineer, Commonwealth Edison Company, Chicago, 
Ill. 
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How is the Institute to give increased service 
to a growing membership in the face of rising 

Various approaches to this problem 
are discussed by President LeClair. 


LeClair—Inflation, Dues, and Service 


reader interest and ultimately reduce the advertising 


revenue. The Section appropriations are the second 
largest item of expense. However, many of the Sections 
are now protesting that their appropriations are too small. 
It does not seem practical to reduce this item. Similar 
thoughts so far seem to apply to the other items of expense. 

Another fundamental thought to be considered is the 
possibility of additional rev- 
enue from sources other than 
dues. The greatest present 
source of this revenue is 
advertising; however, ad- 
vertising rates were raised 
in 1948 and at the present 
time are about as high as they 
could be without the risk of losing advertisers. 

Various industries might be asked to contribute, or 
corporate membership might be established. Could we 
do this without destroying the independence of the indi- 
vidual member? A number of other sources of revenue 
have been considered, but so far none have appeared 
promising that would not sacrifice the high caliber and 
professional standing of the Institute. 

Another possibility is to make a slight increase in the 
Institute dues to meet the present situation and await 
further developments. Some other engineering societies 
have faced the problem squarely by asking their member- 
ship for an increase in dues. The Institute has not had a 
change in the dues paid by its regular members since the 
year 1925. This is in spite of the steady increase in cost 
of all of the services which the Institute renders. ‘The dues 
of enrolled students recently have been raised from $3.00 
to $5.00, as the biggest increase in the cost of operation 
has been in the publication and the increment cost of the 
publication has risen to the point where this increase in 
dues was necessary to cover the large number of copies of 
Electrical Engineering distributed to students. 

Raising the dues is not so simple as it would appear. 


The dues are now provided for in the Constitution and may 
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INCOME EXPENDITURES 
485000 SECTIONS 
#29000 GENERAL & DISTRICT MEETINGS 
$72000 GENERAL SERVICES TO MEMBERS 
438000 COMMITTEES 
$398,000 DUES , 
#64000 HEADQUARTERS 
434000 ADMINISTRATION 
$ 22000 TRAVEL - OFFICERS & GOMMIT TEES 
+ 23000 L/BRARV& OTHER JOINT ACTIVITIES 
434,000 STUDENTS 
#32000 ENTRANGE & TRANSFER FEES 
#19000|____|REGISTRATION FEES 
$ 24000 EARNINGS ON INVESTMENTS 
4366000 PUBLICATIONS 
$293,000 PUBLICATIONS d 


Figure 1. Distribution of income and expenditures for the fiscal year 


ending April 30, 1950 


not be changed without a lapse of 11/2 to 21/2 years after 
a change is found necessary. If anything is to be done in 
the line of changing the Constitution, an amendment to 
the Constitution may be proposed by means of a petition 
signed by not less than 100 Fellows, Members, or Asso- 
ciates, and received by the Secretary not later than Feb- 
ruary 1; or by means of a resolution adopted by the 
Board of Directors not later than February 1. The ballot 
on such an amendment must be mailed not later than 
March 1. If favorably acted upon, the amendment be- 
comes a part of the Constitution at the annual meeting in 
June, taking effect 30 days after this date. This means, of 
course, that any change in dues, even though needed right 
now, could not become effective until the May 1, 1952, 
dues statements are sent out. 

If no change in the dues by Constitutional amendment 


could become effective now before May 1, 1952, 
and if the rising cost trend is expected to con- 
tinue, it would be the better part of wisdom 
to ask for an amendment raising the average 
dues about five dollars, to avoid the necessity 
for frequent amendments. ‘ 

If the rising cost trend should not continue, 
this increase would provide a nest egg for 
future expansion. It is difficult to predict 
the future and some members might object 
to higher dues unless they are immediately 
necessary. 

As this story goes to press the most popular 
plan under discussion among the Board mem- 
bers is to propose an amendment to the Con- 
stitution transferring the amount of the annual 
dues to the By-laws where changes may be 
made on shorter notice by action of the Board 
of Directors. Some members might argue 
that their dues could be increased without 
the member having any choice in the matter. 
This lack of choice is more academic than real 
in any voluntary association, because the Board 
would not knowingly vote a dues increase which 
would bring a storm of protests or resignations. 
Offering a change in the Constitution to put the dues 
in the By-laws would give us another year to decide 
whether or not an increase is necessary without making 
the present commitment for such an increase when there 
is still a possibility that it might be avoided. 

As stated previously, your officers are considering 
seriously the idea of moving the dues provisions from the 
Constitution to the By-laws. The Board of Directors, the 
Finance Committee, and the Committee on Planning and 
Co-ordination are all considering this question and will 
report to you later. The Board requested the preparation 
of this preliminary report as the problem warrants the 
consideration of all members. Any suggestions which you 
send to AIEE Headquarters, 33 West 39 Street, New York 
18, N. Y., will be referred promptly to the appropriate 
committee. 


Table I, ATIEE Income and Expenditures for Fiscal Year Ending April 30, 1950 


— 


Item Per 
Number Income Member 

uP Dues, average $12.13 
2. Publications 8.93 
CF Entrance and transfer fees, badges 0.97 
4. Meeting registration fees 0.59 
te Earnings on investments 0.75 

Total $23.37 


Notes: Number of members as of October 1, 1949, is 32,785. 
Expenditure items include headquarters salaries allocated to these activities. 
Equals $2.55 per student member ($5.55 for student services less $3.00 student dues), 
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Item 


LeClair—Inflation, Dues, and Service 


Per 
Number Expenditures Member 

6 Publications $11.17 
He General and district meetings 0.89 
8. Sections 2.60 

2), Students 1,03* 
10. Technical committees 0.49 
11. General services to members and committees 2,19 
We Membership committee 0.66 
13. Engineering Societies Library 0.53 
14, Other joint activities 0.18 
155 Traveling expenses—officers, representatives, and committees 0.66 
16. Administration 1.03 
ils Headquarters’ expenses 1.96 
Total $23 .39 

18, Deficit ~0.02 
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Where Your Money Goes 


W. J. BARRETT 
CHAIRMAN, FINANCE COMMITTEE 


ERHAPS EVERY member of the Institute wonders 
A eetiseaaity about how the Institute’s money—or 

rather, his money—is spent. A study of the financial 
statements in the Annual Reports of the Board of Directors, 
published each year in the August issue of Electrical Engi- 
neering, gives a detailed picture of the various items of 
income and expenses. Few members, however, have the 
time and inclination to analyze these reports carefully. 
The Finance Committee therefore has undertaken to 
analyze the report for the fiscal year which ended April 30, 
1950, and to reduce it to a form easily digested. The 
result appears in Table I on page 1050. 

In preparing this table the rather large number of 
separate items appearing in the Annual Report has been 
reduced by combining related operations into a reasonably 
small number of groups. Then everything has been 
divided by the number of members of the Institute as of 
October 1, 1949 (32,785 excluding students), so as to express 
the results on a per-member basis. 

Explanatory notes for certain items follow. 


Items 2 and 6. It will be noticed that the Institute 
derives a substantial income from its publications. This 
includes receipts for advertising in Electrical Engineering, 
nonmember subscriptions to Electrical Engineering, sub- 
scriptions to the Transactions, and the sale of miscellaneous 
publications such as preprints, Standards, and so forth. 
The publications expense includes the cost of Electrical 
Engineering, except for the extra copies printed for students, 
the Proceedings and Transactions, the Year Book, and the 
miscellaneous publications. Salaries of headquarters per- 
sonnel employed in connection with publications are 
included and other incidental expenses, except rent which 
is a part of Item 17. 


Items 4 and 7. Registration fees at General and District 
Meetings were introduced in 1948, and have helped sub- 
stantially to reduce what would otherwise be a considerable 
drain on the Institute’s treasury in this period of high costs. 


Item 8. The expenditures for Sections include the 
allotments provided for in the By-laws which are turned 
over to the local Section officers, and also the travel 
allowances for the Section delegates to the Summer General 
Meeting. Stationery for the Sections is included. 


Item 9. The incremental cost of furnishing Electrical 
Engineering to each student member is $4.10 per year. 
Student branch expenses and student prizes totaled $0.70 
per student member. ‘Traveling expenses paid in connec- 
tion with Conferences on Student Activities and for student 
branch counselors to attend the Summer General Meeting 
account for another $0.75 per student. The gross expendi- 
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tures per student therefore amounted to $5.55 during 
the fiscal year. Against this total the student dues of 
$3.00 have been credited. In accordance with action 
recently taken by the Board of Directors, the student dues 
have been increased to $5.00 which will more nearly 
balance the cost of services to the students. 


Item 11. General services to members and committees 
cover a range of headquarters operations. A considerable 
portion of the headquarters staff is engaged in activities of 
such a varied and general nature that their salaries cannot 
be allocated to specific member services. They keep the 
books, carry on a voluminous correspondence with mem- 
bers, answer members’ questions on a great variety of 
subjects, perform endless clerical services for committees, 
and so forth. 


Item 13. The Engineering Societies Library located in 
the headquarters building in New York is administered 
by the United Engineering Trustees (UET). The UET is 
composed of representatives of AIEE and of the corre- 
sponding societies of civil, mechanical, and mining engineers. 
The library contains more than 150,000 volumes pertaining 
to engineering, physics, mathematics, and chemistry. In 
order to place the facilities of the library at the disposal of 
out-of-town members, a Library Service Bureau has been 
established, and a staff of expert searchers and translators 
is prepared to cover almost any engineering topic. ‘Their 
services include abstracting, translating, making bibliog- 
raphies, statistical searches and reports, searches for 
patent purpeses, copying, and the like. Item 13 in the 
table represents the Institute’s share of the cost of operating 
and maintaining the library. 


Item 14. In furtherance of its object as stated in the 
Constitution, the Institute takes part in a number of ac- 
tivities sponsored jointly with other technical societies. 
Through participation in the UET, the Institute has a 
share in the administration of the Engineering Founda- 
tion. It is represented also on the Engineers’ Council for 
Professional Development, the American Standards Asso- 
ciation, Engineers Joint Council, the Canadian Council 
of Professional Engineers and Scientists, and a number 
of other joint bodies. Item 14 in the table represents our 
share of the cost of the activities of these organizations. 


Item 17. This item includes the Institute’s share of the 
cost of operating the headquarters building through 
UET—in other words, rent—as well as the rent for the 
editorial offices at 500 Fifth Avenue, and all those miscel- 
laneous expenses that are incurred in the operation of an 
office, such as office equipment, printing and supplies, 
insurance, telephone and telegraph expenses, postage, 
and so forth. 
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Carrier-Controlled Relay Servos 


fe CAL OZIE 
MEMBER AIEE 


CARRIER-CONTROLLED RELAY servo system is 
Ne in which a carrier voltage is supplied to the 

system, along with the signal, to control the trans- 
mission characteristics of the relay. The most familiar 
example of carrier-controlled operation is the self-oscillating 
relay servo, in which the carrier is supplied internally by 
the self-oscillations. However, the practice of supplying 
carriers from external generators for this purpose has 
grown rapidly over the last ten years. 

An analysis has already been presented! to show that 
such systems are essentially linear in so far as their tracking 
performance is concerned, and that they may be treated 
as such. In this article the 
relationship between carrier- 

controlled relay servo systems 
and systems with propor- 
tional control is developed 
further in order to compare 
the capabilities and limita- 
tions on the tracking perform- 
ance that can be obtained 
from eachtype. ‘The results 
show that, by properly choos- 
ing the amplitude and the fre- 
quency of the carrier, the performance of a carrier- 
controlled relay servo can be made to match that of a 
similar system with proportional control, in all significant 
respects. ‘The practical importance of this conclusion lies 
in the fact that a relay is the simplest and most efficient 
power amplifier known. 

Some of the principles developed in the analysis are 
applied here to the problem of designing a carrier-controlled 
relay servo system for remotely tuning the variable 
capacitors in a radio transmitter. 


THEORY 


i ass METHOD employed in analyzing these carrier- 
controlled relay servo systems is thought to be original. 
The mathematical aspects have already been described in 
chapter 9, reference 1, so this discussion will be restricted 
in so far as possible to the physical aspects of the problem. 
The whole approach is based on an understanding of two 
transmission functions performed by the carrier: 


1. The carrier serves to transform the relay into an 
essentially linear amplifier to the error signals. (Error 
signals are signals representing the difference between the 
desired and the actual position of the servo output.) 

2. ‘The carrier also serves to set the gain around the 
control loop for these error signals. 


These two functions will be analyzed in turn. 


J. C. Lozier is with the Bell Telephone Laboratories, Inc., Murray Hill, N. J. 
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A study of servo systems shows that, when 
properly designed, the carrier-controlled relay 
servo will perform as well as a servo system 
with proportional control. 
problem of designing a carrier-controlled relay 
servo system for remotely tuning the variable 
capacitors of a transmitter is analyzed. 


Lozier—Carrier-Controlled Relay Servos 


Linearization of Transmission through a Relay by Carrer 


Action. The first point to be demonstrated is to show 
how a carrier serves to linearize the transmission charac- 
teristics of a relay to a simultaneously applied signal. 

A qualitative analysis of this action is shown in Figure 1. 
Curve A represents the carrier applied to the relay winding, 
and B represents the square-wave output of constant 
amplitude produced at the relay contacts. Curve C 
represents a signal, and D the sum of the carrier and signal 
at the input to the relay winding. ae E shows the 
corresponding relay output. 

When both the amplitude and the frequency of the 
signal are less than that of 
the carrier, the output of the 
relay will have a repetition 
rate set by the carrier fre- 
quency. The signal merely 
biases the relay so that it 
spends a_ proportionately 
longer part of each carrier 
period on one contact. It is 
apparent that the additional 
time involved will be propor- 
tional to the signal amplitude 
for signal amplitudes up to approximately one-half that of 
the carrier. Under these circumstances the output of the 
relay is a pulse-width modulated wave, and the variation 
in pulse width is proportional to the signal amplitude. 
When this pulse-width modulated wave is averaged over 
each cycle of the carrier, the envelope thus obtained is 
obviously an amplified version of the input signal. 

This qualitative description of the transmission properties 
of a relay has been verified, and the necessary quantitative 
relationships have been determined by harmonic analysis.1 
The pertinent results are given by the two curves of Figure 
2. These curves show how the amplitudes of both the 
carrier and signal components in the output of the relay 
vary as a function of the relative amplitude of these com- 
ponents at the input. 

The signal curve of Figure 2 shows that the ee does 
continue to act as an amplifier to the signal for signal 
inputs above the —6-decibel level, referred to the carrier 
input. Although the signal input-output characteristic 
is not linear above this point, the maximum departure 
from linearity is only 2.5 decibels at an input signal level 
of approximately +1 decibel, referred to the carrier input. 
The signal amplification could be made precisely linear 
for signal input levels up to the peak carrier amplitude by 
using a triangular instead of a sinusoidal carrier, but this 
deviation from linearity is not important. 


Dependence of Relay Servo Control Loop Gain on Carrier 
Amplitude. The second point to be demonstrated is to show 


In this article the 
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how a carrier can be used to regulate the control loop gain 
to error signals. In the usual case, where other elements 
in the system are essentially linear, the problem reduces to 
one of regulating the gain through the relay. 

The output of the relay has a constant peak amplitude, 
and, in the absence of the signal, the output component 
at the carrier frequency is likewise constant for all usable 
values of the carrier input amplitude. Therefore, the gain 
through the relay to the carrier is inversely proportional 
to the carrier input amplitude. 

The gain through the relay to a simultaneously applied 
signal is not so simple. It can be seen from Figure 1 that 
the variation in pulse width depends on the relative 
amplitude of the signal to that of the carrier at the input. 
Since the signal output is proportional to the variation in 
pulse width, it can be argued that the signal output is 
proportional to the ratio of the’ signal amplitude to the 
carrier amplitude at the input. In other words, the signal 
gain is inversely proportional to the input carrier amplitude, 
as is the carrier gain. 

Figure 2 shows that, over the linear range of signal 
amplification, the ratio of the signal amplitude to the 
carrier amplitude is 6 decibels less at the output than it is 
at the input. Therefore, it follows that the gain for such 
simultaneously applied signals will be 6 decibels less than 
it is for the carrier. It is also shown in Figure 2 that the 
presence of the signal does not appreciably affect the ampli- 
tude of the carrier in the output when the signal input 
amplitude is relatively small. 

Thus, for relatively small signal amplitudes, the gain 
through the relay to both the signal and the carrier is 
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Figure 1. Operation of the relay when carrier and signal are 
applied 
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Figure 2. Input-output characteristics of a relay as an amplifier 


with simultaneously applied carrier and signal 


inversely proportional to the carrier input amplitude. 
Furthermore, the gain to the signal is 6 decibels less than 
it is to the carrier. 

It should be emphasized that this signal gain through 
the relay does not depend on the frequency of the signal, 
provided it is lower than the frequency of the carrier. 
Adjustment of the control-loop gain to the signal by chang- 
ing the amplitude of the carrier, therefore, does not affect 
the relative gain and phase characteristics of the control 
loop as a function of frequency. 


SERVO OPERATION UNDER CARRIER CONTROL 


Ce THESE essentially linear transmission properties 
of a relay under control of a carrier are known, the 
operation of such relay servo systems can be described 
qualitatively. 

Take, for example, a positioning servo like that shown in 
Figure 3, where the error signal is proportional to the 
angular error. When the error signal exceeds the peak 
amplitude of the carrier, the relay is held on the proper 
contact to apply the full power available to drive the motor 
in a direction to reduce the error. When the error signal 
is less than the peak amplitude of the carrier, the relay 
will switch as the polarity of the combined error signal plus 
carrier reverses, and the power is alternately applied to 
drive the motor in opposite directions. For zero error the 
relay spends an equal portion of each cycle on each con- 
tact, so that the average power applied to the motor is 
zero. When the carrier frequency is high enough, this 
reversal will occur at such a high speed that the motor 
does not move. For intermediate values of the error 
signal, the relay is held a proportionately larger part of 
each cycle on one contact, and the net result is to apply 
a proportionate amount of power to drive the motor in a 
direction to reduce the error. 

Thus the carrier transforms the system into one for 
which the restoring torque is essentially proportional to 
the amplitude of the error, for error signal amplitudes 
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less than that of the carrier at the input to the relay. It 
is apparent also that an increase in carrier amplitude will 
increase the range of error signals over which the restoring 
torque is proportional. Since the maximum restoring 
torque available is not changed in the process, the ‘‘stiff- 
ness,” or restoring torque for a given error, is pro- 
portionately reduced. Thus the amplitude of the carrier 
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Figure 3. Block diagram of relay servo with external carrier 


controls the stiffness, which is another way of showing that 
it controls the gain around the control loop by the error 
signals. In practice, factors that determine the range of 
proportional control are the stiffness desired and the 
maximum torque available, regardless of what type of 
control is used. 

- The purpose of the discussion so far is to make it clear 
that the only effects of the presence of the carrier on the 
control loop transmission to the signal are 


1. To transform effectively the relay servo into a pro- 
portional one. 

2. To provide a means of adjusting the control-loop 
gain by variation of the carrier amplitude. 


This assumes, of course, that all the other elements in 
the system are linear and that the carrier frequency is 
higher than the signal frequencies. 

The conclusion drawn from these results is that two 
servo systems, which differ only in the fact that one has a 
carrier-controlled relay drive and the other has any one 
of the more conventional forms of proportional drive, will 
have the same tracking performance when the control- 
loop gain is the same in each system. 

The presence of the carrier in the carrier-controlled 
system will produce an oscillating motion in the output, 
which is superimposed on the average response, unless the 
frequency of the carrier is so high that the motor plus 
load cannot respond to it. When the carrier is supplied 
from an external oscillator there should be no difficulty 
in making the carrier frequency high enough to eliminate 
such oscillating motions. 


CARRIER CONTROL VERSUS PROPORTIONAL CONTROL 


je HAS BEEN SHOWN so far that a given servo system will 
have the same tracking performance, whether a carrier- 
controlled relay or a proportional drive is used, provided 
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that the control-loop gain to the signal is the same in 
each system. Since both the static and dynamic charac- 
teristics of the tracking performance of a given system can 
be changed by varying this gain, the problem of comparing 
the capabilities and limitations of the two types of control 
reduces to one of comparing the range of usable gain 
adjustments in the two cases. Obviously, it is only at the 
upper limit of gain adjustment where significant differences 
will occur. 

A servo system with either type of control will oaciltate 
when the stiffness is great enough. Relay servo systems 
are often used when oscillating, and their tracking per- 
formance is remarkably good, if the oscillating motion in 
the output can be tolerated. 

The frequency of self-oscillation will be the frequency 
for which the phase lag around the control loop is 360 


degrees, and the amplitude of the oscillations will stabilize 


at the precise level to give 0 decibels gain around the loop 
to these oscillations. 


At the frequency of self-oscillation the fedback voltage 


from the servo output is in phase with, and therefore adds 
to, the error signals resulting from an applied signal at this 
frequency. Therefore, the self-oscillating frequency is 
above the frequency range of applied signals for which 


the particular servo system can successfully operate, and 


the self-oscillating frequency is automatically high enough 
to fulfill the frequency requirement on the carrier for 


satisfactory error signal amplification of the relay. As 


far as the control-loop transmission-to-error signals are 
concerned, no improvement could be made by introducing 
a higher frequency carrier of the same amplitude from an 
external generator. 


Since the gain through the relay to small signals is 6: 


decibels less than it is to the carrier, it follows that the 
amplitude or the self-oscillations is the particular carrier 
level that fixes the error signal gain around the control 
loop at —6 decibels at the frequency of self-oscillations. 
In other words, in the self-oscillating condition the loop- 


gain-to-error signals are automatically set to give a 6- 


decibel loss at the phase cross over frequency of the Nyquist 
diagram!“ of the system. 

To maintain this stiffness condition and eliminate the 
self-oscillations in the output, an external carrier of the 
same amplitude as the self-oscillations at the relay input, 
but higher in frequency, is required. To be effective,) 
an externally applied carrier must have an amplitude’ 
great enough to suppress the self-oscillations. 


| 
| 


This carrier 


amplitude is enough to give a 6-decibel loss around the 
loop at the self-oscillating frequency to small signals, al- 
though the loss to a signal at the amplitude and frequency 
of the self-oscillations is only about 4 decibels, as shown on 
Figure 2. Thus any oscillations set up in the system will 
die out, but not quite as fast as the 6-decibel margin would 


indicate. 


The proportional equivalent system, set for the 


same stiffness, would always maintain at least a 6-decibel 
loss to any transients that might be set up at this frequency 
in the system. Thus the equivalent proportional system 
would have a very slight transient advantage when a 


loop gain is set to give a 6-decibel loss at the phase cros: 
over frequency. 
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At greater loop gains, this difference in effective transient 
damping between the two systems would increase. On the 
other hand, when the stiffness is reduced 2 decibels, so 
that there is an 8-decibel loss around the control loop at 
the phase cross over frequency for small signals, the loss to 
a transient at the amplitude and frequency of the self- 
oscillations would be approximately 7.5 decibels. Thus 
the difference between the carrier-controlled system and 
its proportional equivalent rapidly disappears as the 
stiffness is reduced. 

It is questionable whether or not stiffnesses greater than 
that represented by a 6-decibel loss around the control 
loop at the phase cross over frequency can be profitably 
used in any practical application. It can be shown that 
the dynamic tracking accuracy (accuracy in following 
rapidly varying signals) deteriorates very fast, due to the 
highly underdamped nature of the transient response, 
when the stiffness is increased beyond this level. On the 
other hand, the static tracking accuracy should continue 
to increase proportionately with the stiffness. Certainly 
no more than a 2- or 3-decibel increase would be possible 
in any case, before the system would be too sensitive to 
variations in loop gain with variation in circuit components, 
line-voltage variations, and so forth, to be practical. 

In any event this difference in transient damping, which 
occurs because of the increase in the ratio of loop gain to 
signals when their amplitudes approach that of the carrier, 
could be eliminated if it were important in any practical 
carrier-controlled servo system, by resorting to a sawtooth 
rather than a sinusoidal carrier. 

Since there is little use in a practical system for a stiffness 
greater than that for which the gain around the control 
loop is more than —6 decibels at the frequency of phase 
crossover, this difference in transient performance at 
higher stiffnesses is not important. 


SUMMARY 


it THE FOREGOING analysis it has been shown that: 


1. In a carrier-controlled relay servo system, where 
the carrier is supplied from an external generator, adjust- 
ment of the carrier amplitude will give a linear control 
of the effective stiffness of the system. 

2. The range of stiffness that can be obtained in this 
way is the same for all practical purposes as that obtainable 
in a system with a more conventional form of proportional 
drive. ; 

3. For each setting of the stiffness, the tracking per- 
formance for a given servo system will be the same whether 
the carrier-controlled relay or a proportional drive is used, 
provided the stiffness is the same in both cases. 


The conclusion is that carrier-controlled relay servo 
systems can be designed to give the same flexibility and 
quality of performance as those using more conventional 
forms of proportional drive. 


APPLICATION TO TUNING SERVO . 


ibs EXAMPLE under discussion is a positioning servo 
designed for remotely tuning a variable capacitor in 


a commercial design of radio transmitter. The transmitter 
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has ten such variable capacitors, all servo controlled. 

A block schematic of a single servo unit is shown in Figure 
3. The tuning can be performed from the front panel 
where a remote positioning potentiometer is used to 
generate a signal voltage proportional to its angular posi- 
tion. A follow-up potentiometer, attached to the capacitor 
being driven, yields a voltage proportional to the angular 
position of the capacitor. These two potentiometers form 
a bridge, and the unbalanced voltage or signal, which 
represents the error in positioning, is fed through a d-c 
amplifier to control the operation and release of a relay. 
The relay in turn controls the direction of rotation of the 
motor driving the capacitor and follow-up potentiometer. 
There is no neutral position in this relay, and the sensitivity 
of the bridge and the gain of the amplifier is sufficient to 
insure positive relay action on a small fraction of a degree 
difference of rotation. The block schematic also shows a 
25-cycle oscillator arranged to feed an adjustable amount 
of 25-cycle voltage or carrier to the input of the d-c ampli- 
fier, along with the voltage unbalance of the bridge, which 
represents the positional error. 

The governing requirement on the motor speed for this 
use is that the system be able to make a full revolution in 
15 seconds. The maximum torque required to turn the 
capacitors was set at 3.5 inch-pounds. The motor selected 
is a 2-pole shaded-pole reversible a-c motor with a nominal 
speed, after a 450-to-1 gear reduction, of 5.5 rpm, and a 
stall torque of 10 inch-pounds. 

The servo was set up with this motor as shown in Figure 3. 
The d-c amplifier gain is sufficient to operate the relay on 
0.01 volt at the amplifier input. The voltage across the 
follow-up and remote positioning potentiometers is large 
enough to shift the voltage on the grid of the d-c amplifier 
by 0.7 volt for each degree of error in the capacitor position. 

With this motor in the system and with the 25-cycle 
carrier shut-off, the self-oscillating frequency is approxi- 
mately 3.5 cycles per second, and the amplitude at the 
capacitor shaft is approximately +0.7 degree when the 
load is approximately 3 inch-pounds. 

The dynamic requirements on the tracking capabilities 
of these servos are fairly lenient since the servos need only 
follow well enough to permit satisfactory hand tuning of 
the transmitter from the remote positioning potentiometers 
on the front panel. 

The primary requirement here is on reset accuracy. 
The transmitter in this case may be assigned a group of 
frequencies, and each servo has a separate remote position- 
ing potentiometer on the front panel for each frequency. 
A selector switch is arranged so that at each step it connects 
a particular set of these potentiometers to the servos. ‘Thus 
once a set of these potentiometers has been adjusted to 
tune the transmitter to a given frequency properly, they 
are locked in position. Then the transmitter can be 
retuned to that particular frequency merely by setting the 
selector switch to the correct step. When the transmitter 
is returned by this selector switch action, it is estimated 
that a reset of the corresponding capacitors to within 
+1.0 degree of their original positions would assure 
retuning of the transmitter to within commercial limits. 

When the 25-cycle-per-second carrier is added to stabilize 
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and linearize the system, excellent reset accuracy is ob- 
tained when the carrier is approximately 4 decibels above 
the amplitude the self-oscillations would have if the external 
carrier were not present. A further increase of 6 decibels 
in this carrier amplitude introduces about 0.1 degree of 
reset error. Of course, variations in power, tubes, and so 
forth, will introduce additional sources of error, so that the 
over-all performance will not be this good. The dynamic 
performance of the system is satisfactory for hand tuning 
for an even wider range of 25-cycle carrier amplitudes. 
Therefore, the ten servos on each transmitter are supplied 
from the same oscillator with just one amplitude control. 
One model of this transmitter was tuned to four different 
frequencies with four sets of remote positioning potentiom- 
eters, and a cover was placed over these potentiometers 
so that their adjustments would not be disturbed. Then 
daily checks were made on the over-all tuning performance 
and on the reset accuracy of each of the ten servos for a 
4-month period. At the end of the period the transmitter 
tuning at each frequency was still satisfactory for com- 
mercial use. The first and last readings on the 40 servo 
positions involved (ten servos and four positions each) were 
lumped together for statistical purposes and treated as 


though all readings were made on one servo position. It 
was found that: 


1. The change in position on the average was less than 


0.1 degree. 
2. The standard deviation of the individual errors was 


0.42 degree. 


In taking these data the individual readings could only 
be estimated to 0.35 degree. 

The over-all accuracy in retuning the transmitter to a 
particular frequency has proved to be excellent. The 
system reflects the practical advantages of the carrier- 
controlled technique. The individual servos have the 
simplicity and the efficiency of a relay servo and the ac- 
curacy and stability of a conventional linear servo. 
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Television Station Installed Atop Rio’s Sugar Loaf Mountain | 


One of the 115 cases of television transmitting equip- 
ment is being carried via cable car to the summit of 
Sugar Loaf Mountain where it will be installed 1,300 
feet over Rio de Janeiro. Because Sugar Loaf Moun- 
tain is inaccessible otherwise, all the transmitting 
equipment, including the 150-foot antenna, had to 
be carried to the summit by cable car, mule-back, 
and by hand. The job was time-consuming because 
the engineers could use the cable car, which is 
popular with tourists, only between 4 and 8 a.m. 
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“Batwings” on Rio’s new television antenna are 
being removed temporarily by workmen to 
facilitate raising the topmost section. Engineers 
of the International General Electric Company are 
installing the transmitting equipment atop Sugar 
Loaf Mountain high over nearby Copacabana 
Beach, lower right. Brazil, first South American 
country to have regularly scheduled commercial 
programs, will have several thousand television 
receivers in operation by the end of the year. 
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Obligations of the Engineer 


W.B. KOUWENHOVEN 


FELLOW AIEE 


HE ENGINEER, using 

the discoveries of pure 

science, has during the 
past 50 years revolutionized 
the home, commerce, com- 
munications, manufacturing, 
farming, and, unfortunately, war also. The engineer is a 
“doer.” That is, he likes to do things to make the world a 
better place to live in; to lighten our daily tasks. Why is it 
then that a profession which has created this new world 
and given us leisure is so little understood by the public 
in general? Because all of us, the student, the engineering 
school, industry, the technical society, and the engineer 
himself, have failed to meet our full obligations. We have 
made a dismal failure in dealing with things of the spirit. 

The young man who chooses to study engineering should 
be able to defend his selection of a profession. He should 
realize that engineers, due to the nature of their work, 
tend to become impersonal and unemotional. The student 
should take an active part in college life to help counteract 
this tendency. He should endeavor to become a com- 
petent, well-rounded man, and to acquire technical knowl- 
edge and an understanding of his fellows. His guiding star 
should be service rather than personal aggrandizement. 

Our engineering schools now recognize that a purely 
technical training is not enough and that some time must 
be devoted to cultural subjects. They realize that it is 
their obligation to train the young engineer not only in 
the rigid discipline of mathematics and the fundamentals 
of science, but that they must also teach him history, and 
awaken his interest in human beings, their motives, their 
superstitions, their physical limitations, their strengths, 
their weaknesses. This is a difficult assignment because 
the majority of engineering students tolerate cultural 
courses because they cannot get their degrees without 
them. Our schools must see to it that their engineer- 
ing staffs are made up of broad-minded men with 
wide interests, who are also technically competent. Then 
they must search for teachers of cultural subjects who 
understand the philosophy of the engineering student 
“that knowledge, to be good, must be useful.” 

In addition the engineering school should be careful not 
to stifle the inquisitiveness, imagination, and ingenuity of 
its students; rather it should attempt to develop these 
traits. Above all, the teacher should make the student 
realize that his life is to be one of service and that the 
compass of existence holds far more than the textbook. 

Industry’s first obligation is to carry on where the college 
leaves off, taking into consideration that it is only possible 


eres es ed 
Essentially full text of an address presented at the AIEE Middle Eastern District 
Meeting, Baltimore, Md., October 3-5, 1950. 


W. B. Kouwenhoven is Dean, School of Engineering, The Johns Hopkins University, 
Baltimore, Md. 


DECEMBER 1950 


The engineering profession is not understood 

by the general public, Dean Kouwenhoven 

feels, because all those engaged in it have 
failed to meet their full obligations. 


Kouwenhoven—Obligations of the Engineer 


to do just so much in four 


years of college. The first 
years of the engineering 
graduate’s industrial ex- 


perience constitute an intern- 

ship. The proper carrying 
out of this internship calls for leadership of a high order on 
the part of industry. Perhaps it would be well if industry 
and the engineering school formed a partnership. 

The young engineer must be made to realize that engi- 
neering education is a continuing process. Especially 
well-qualified men should be encouraged and be given the 
opportunity to take advanced training. Industry should, 
however, make it clear that engineering ability and tech- 
nical skill alone will not get a man to the top. Under- 
standing of human relationships and knowledge of the social 
graces are also essential. 

Industry has another obligation, namely, to take its 
proper part in the life of the community. It should not 
only urge its young engineers to be active in technical and 
community affairs, but it should expect and encourage its 
older engineers with established reputations to serve on 
committees, boards, and drives. 

Technical societies must help meet the challenge that is 
threatening their existence. One of their obligations is 
to educate the public as to the duties, responsibilities, and 
services performed by the engineer. ‘They should become 
more public minded and devote at least a portion of their 
energies to public affairs and toward a sympathetic ap- 
proach to the human problems of their membership and 
the public. They should ask themselves what they are 
doing about our profession, are they selling it to the public, 
are they building up good will, are they making engi- 
neering attractive to qualified young men? 

Would it be heresy for our great founder engineering 
societies to maintain a radio or television program? Why 
should these creations of the engineer serve mainly as 
a means for the politician to sway public opinion? 

Since the last crisis that threatened our civilization the 
engineers and the scientist have gone right ahead creating 
new devices without regard to their effects on our world. 
Many believe that modern technology is firmly established 
and will continue. This feeling of security is not justified. 
We may have created a Frankenstein. 

The engineer is essentially a problem solver. He starts 
with a foundation of facts on which he builds logically 
and honestly with an eye to the over-all economy and 
utility. He knows from experience when slide rule results 
are close enough and when greater accuracy is required. 
He works best when he has a problem to solve and a limited 
time in which to solve it. He has a problem now that 
must be solved if this way of life is to continue. 
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Stereo-Television in Remote Control 


H, Re JOHNS FON c. A. HERMANSON H.-H Uae 


television in conjunction with remotely controlled 
electric manipulators is part of a long-range develop- 
ment program being undertaken by the Remote Control 
Engineering Division of the Argonne National Laboratory. 

Manipulation of objects in 3-dimensional space requires 
that depth perception be incorporated into any scheme 
used to view and control the means of manipulation. It 
is not sufficient to use ordinary 2-dimensional television 
for this purpose since the ability to judge depth is almost 
entirely lacking. 

The study which was undertaken had as its object the 
development of a workable system of 3-dimensional tele- 
vision which could point the way to a practical method of 
viewing and operating remotely controlled manipulators. 


+ fe STUDY of the possibilities of using 3-dimensional 


THEORY AND HISTORY OF STEREOSCOPY 


HH" BEINGS are enabled to judge depth in 3-dimen- 
sional space chiefly because they have two eyes, each of 
which sees a slightly different view of the objects in the 
space before them. Other factors which contribute to 
depth perception are accommodation or focusing of the 
eyes, perspective, variations of light, parallactic displace- 
ment, and experience. 

Stereoscopy may be defined as the art and science of 
producing depth-perception effects with the aid of special 
apparatus for viewing a pair 
of 2-dimensional pictures, 


projected images in two complementary colors, red and 
green. Spectators are provided with red and green 
spectacles so that each eye sees only its correct picture. 

A second method uses polarized light to separate the 
two images on the screen. In this method, the stereoscopic 
pair of pictures are projected superimposed on the screen 
as before, but the light from each image is polarized by 
polarizing filters which have their axes of polarization at | 
right angles to each other. The spectators are provided — 
with spectacles holding a pair of crossed polaroid filters 
so that each eye sees only its proper image. 

A third method, which has been called the eclipse 
method, consists in the projection in rapid succession of — 
two stereoscopic pictures on a screen by the use of a rotating 
shutter. Spectators are equipped with a rotating shutter — 
which is held before the eyes and this shutter is synchronized — 
with the shutter on the twin projector. | 


STEREOSCOPIC TELEVISION 


A STANDARD DuMont television pickup chain was em- 
ployed in the development of stereo-television. This — 

equipment was modified so that two different lines of 
approach to the problem could be explored. The first | 
approach is the time-division method. and the second, the © 
simultaneous method. | 
The time-division method used a mechanical rotating | 
shutter and an optical system 
consisting of full- and half-— 


each of which is taken from An experimental 3-dimensional television system silvered mirrors. The left- : 
a slightly different horizontal has been developed for the purpose of investi- and right-eye images were { 
position in space. Although gating its use as a viewing system for remote sequentially projected onto 

the viewing of stereoscopic manipulation in atomic energy research. the photocathode of the tele- 

pairs of 2-dimensional pic- Standard television equipment has been modi- vision camera tube. ‘This sys: 
tures gives a greatly improved fied by the use of stereoscopic principles to tem was abandoned because — 
depth perception over the evolve this useful equipment. of image carry-over and 


ordinary single 2-dimensional 

view, it can never give a 

perfect illusion of reality since several elements inherent 
in natural vision are missing. For example, no change 
of accommodation or focusing of the eyes is necessary 
when the attention is directed from a near to a more dis- 
tant object in the scene. 

The fundamental principle to be observed in stereoscopic 
viewing is that each 2-dimensional picture should be seen 
only with the eye corresponding to the lens of the camera 
with which the picture was taken. Many methods of 
accomplishing this requirement have been used. In the 
old-fashioned stereoscope, the two pictures are separated 
by a physical partition placed between the eye pieces and 
the stereoscopic pair of pictures. 

In projection stereoscopy, three methods have been used. 
The first method involves the use of two superimposed 
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flicker. The simultaneous 

method was the one finally 
adopted. In this method the stereoscopic pair of images 
are transmitted simultaneously instead of sequentially in 
time. The two images are placed side by side in the same 
space normally occupied by a single image in standard 
2-dimensional television picture transmission. 

Two variations of the simultaneous method have been } 
tried. The first variation used a single lens and a beam- | 
splitter attachment as shown in Figure 1. This scheme was 
dropped in favor of a 2-lens arrangement. | 

The twin-lens system was found to be superior to the 
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beam splitter because the optical quality of the individual 
images was greatly improved and the image overlap in the 
center was reduced. Figure 2 shows a diagrammatic 
sketch and Figure 3 is an illustration of the first arrangement 
of the twin lenses and mirrors that were used for this 
method of stereo-television. 

In the Model 1 version of the twin-lens system, two 105- 
millimeter lenses were used. The distance between the 
centers of the two lenses was three inches, which is similar 
to the normal interocular distance in human beings. The 
lenses were arranged so that they would be slightly rotated 
about a vertical axis and thus be converged on a near-by 
object. This action is similar to the convergence of the 
human eyes. 

At the receiving end of the stereo-television system the 
two images appear side by side on the face of a standard 
kinescope or television picture tube. The right-eye view 
is on the left side and the left-eye view on the right side as 
the observer views the face of the receiving tube (see Figure 
4). This transposition of images is due to the geometry 
of the optics used (see Figure 2). 

Two polarizing filters whose axes of polarization are 
at right angles to each other are placed immediately in 
front of the images on the cathode-ray tube. An observer 
wears a pair of polarizing spectacles so oriented that the 
right eye is permitted to see only the right-eye image and 
the left eye sees only the left-eye image. In addition, a 
pair of 10-degree glass prisms are placed in front of the 


eyes to enable the observer to fuse the two pictures into a 


single 3-dimensional image of the objects in front of the 
camera (see Figure 4). Figure 5 shows an observer viewing 
the receiving tube while wearing the polaroid spectacles 
and prisms. 

In the Model 1 twin-lens arrangement the horizontal 
distance between lenses was strictly limited and fixed. 
In the Model 2 twin-lens arrangement the effective distance 
between view points is variable from five to seven inches. 
The mirrors were made adjustable for both distance be- 
tween viewpoint and for convergence of the images. ‘The 
lenses used were of 90-millimeter focal length (see Figures 
6 and 7). 

In both twin-lens assemblies, it was necessary to provide 
a light barrier between the images as shown in Figures 2 
and 6. This was done to prevent overlap of images in 
the center of the camera tube. It was important to make 
this barrier telescope so that focusing could be done in the 
normal manner by mechanical movement of the television 
camera tube, relative to the stationary lens. 

A second method used to view the 3-dimensional tele- 
vision pictures makes use of two television picture tubes. 
These tubes are arranged at right angles to each other and 
a semitransparent mirror is placed so that it is at 45 degrees 
with both tubes (see Figure 8). Crossed polarizing filters 
are placed in front of each picture tube, and the observer 
wears crossed polarizing spectacles. Both images of the 
stereo pair appear on the tubes, but by means of positioning 

controls and masks, the right-eye picture is placed in the 
center of one tube and the left-eye picture in the center of 
the other tube. The observer is enabled to see the 3- 
dimensional image by observing one image by transmission 
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Figure 1. Diagram of the simultaneous method using a single- 
lens beam splitter 
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Figure 2. Diagram of Model 1 twin-lens arrangement for simul- 
taneous viewing 


Figure 3. Model 1 twin-lens stereo unit 
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Figure 4. Diagram of single-tube stereo-television viewer 
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Figure 5. The observer wears polaroid spectacles and prisms while using the single- 


tube stereo-television viewer 
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Figure 6. Diagram of Model 2 twin-lens arrangement 


Figure 7. 


Front of television camera showing Model 2 twin-lens 
assembly in use 
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through the semitransparent mirror 
and the second image by reflection. 


VIEWING METHODS 


WO METHObs of viewing the 3-di- 
mensional images have been 
described. ‘These might be called 
the single-picture-tube viewer and 
the twin-picture-tube viewer. Both 
methods require the observer to 
wear crossed polarizing spectacles. 
Method 1 or the single-tube viewer 
requires, in addition, a pair of glass 
prisms to be attached to the polar- 
izing spectacles. These glass prisms 
aid the eyes to fuse the side-by- 
side images into one stereo-image. 
The prism angle should be of such 
a value that the observer can con- 
verge and focus his eyes naturally 
on the face of the picture tube. 
This condition is necessary for mini- 
mum eye strain in observers. 

The use of glass prisms by the ob- 
server results in a number of difficul- 
ties. The principle difficulty is that 
the attention must always be directed to the television 
screen since every other object in view appears double. 
Severe eye strain and mental discomfort result when the 
attention is directed to the hands in an attempt to op- 
erate switches or other devices. 

A second difficulty associated withthe 1-tube viewing 
method lies in the necessity for precise orientation of the 
head of the observer in relation to the viewing tube. It 
has been found that a rotation of only 5 degrees of the 
observer’s head about a horizontal axis perpendicular to 
the center of the viewing tube is sufficient to cause loss of 
the stereo-image. Since a relatively fixed relationship 
between the angle of the correcting prisms and the distance 
to the viewing tube must be maintained, it is only with 
considerable difficulty that two or more observers may view 
the single tube stereo-image at the same time. 

Viewing Method 2 or the twin-tube stereo-viewer is by 
far the more desirable of the two methods. In this method 
the observer is required to use only a pair of polarizing 
spectacles without prisms. The superposition of the two 
images is accomplished by the use of the half-silvered mirror 
and positioning controls of the television receiving units. 

Since no prisms are used, the observer may look from the 
viewing screen to other objects in the room such as controls 
and switches without danger of severe eye strain as in the 
first method. This method also permits considerable 
translation and rotation of the head of the observer before 
the stereo-illusion is lost. Several persons may easily 
observe the stereo-image at the same time. 


OPERATING NOTES 
(ee thought was given to the supposed necessity 


for a high degree of linearity in the sweep circuits of — 


the receiving and transmitting units before the tests were 
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completed. It was found, however, that a considerable 


amount of nonlinearity in the sweep circuits could be toler- 
ated without serious impairment of the stereo-illusion. 

Slight differences in the sizes of the two images could be 
reconciled by the brain with some fatigue involved. 

It was found, however, that appreciable vertical displace- 
ment of the images could not be tolerated. It should be 
pointed out that, while the human eyes and brain have a 
high degree of tolerance, every effort should be made to 
obtain the best possible linearity and definition to avoid 
operating fatigue. 

In the twin viewer, the observer should have the illusion 
of looking through a window on the face of the viewing 
tubes. This illusion is obtained only with careful adjust- 
ment of the two stereo-images. Assuming that the two 
pictures are linear and of the same size, the first adjustment 
should be to line up the images in a vertical direction. 
In a horizontal direction, the two images of the object 
which is nearest the television camera are superimposed. 
This procedure locates this nearest object in the plane of 
the viewing screen and all other objects appear to be 
behind the window formed by the surface of the picture 
tube. 

A pair of images, as seen on the single tube viewer, 
is shown in Figure 9. 

Careful masking of the sides and top of the two images 
was also found to be necessary to preserve the window 
illusion. After the images are adjusted the masks should 
be carefully aligned so as to appear coincident. 

In stereo-television it is desirable to obtain images which 
have sufficient size, contrast, and brilliance. The use 
of polarizing filters and half-silvered mirrors in the stereo- 
receiver necessitates a greatly increased brilliance in the 
received image due to the large light losses in these elements. 
Approximately 60 per cent of the light of the image is lost 
in the first polarizing filters; 60 per cent of the remaining 
light then is lost in the half-silvered mirror, and another 
10 per cent of the light is lost in the polarizing spectacles. 
This results in a loss of approxi- 
mately 85 per cent of the total light 
available. ; 
_ In this investigation, 121/:-inch- 
diameter television tubes with an 
aluminum-backed screen were used. 
In order to obtain increased bril- 
liance a somewhat higher than 
normal accelerating voltage (12,000 
volts) was applied to the picture 
tube. In the twin-tube viewer it 
is essential that a well-regulated 
high-voltage supply be used so that 
the size of the image does not change 
when brightness and contrast con- 
trols are adjusted. : 

It is essential that the camera 
lenses be adjusted for the proper con- 

vergence angle for each distance 
from the object to the camera tube. 
It was found that the convergence 
could best be adjusted by observa- 
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Figure 8. Diagram of the twin-tube stereo-television viewer 
showing the tubes at right angles to each other. One image is 


seen by reflection and one by transmission through the semi- 
‘ transparent mirror 


Figure 9. Pair of stereo-television images as seen on the single- 


tube viewer 


Figure 10. Stereo-television camera and the slave hands of the master-slave 
manipulator in operation 
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tion of the images on the electronic view-finder or on the 
monitor screen. The central object of interest in the field 
of view is brought into the center of each of the two im- 
ages, making sure that the axis of the camera is so directed 
that it intersects the principle object of interest. 


CONCLUSIONS 


HE PRESENT system of stereo-television using one camera 
pickup tube gives a stereo picture which has an aspect 

ratio of three high and two wide. This is undesirable for 
use in any permanent installation. Also, the field of view 
is very restricted, and the resolution is adversely affected. 
A more desirable system would consist of the use of two 
television camera pickup tubes arranged side by side in a 
horizontal direction. The left pickup tube would supply 
a left-eye view to one of the receiving tubes of the dual 
viewer and the right pickup tube would supply the video 


- 


system as a means of seeing objects in 3-dimensional space, 
two mechanical master-slave manipulators were arranged 
so that the operator sat with his back to a wall, behind 
which the slave hands and the stereo-television were 
located (see Figure 10). The operator faced the stereo- 
receiver and saw a 3-dimensional image of the manipulator 
slave hands and objects in the work area, while with his 
hands in the master controls he manipulated objects in the 
field of view. After a few minutes of indoctrination any 
person with normal vision can be taught to see and manip- 
ulate the objects in view from a remote distance. In 
this setup the separation between master and slave was 
approximately three feet. This short distance was due 
only to the limitation of the mechanical manipulators 
themselves. In another setup an electrically operated 
manipulator was made to perform miscellaneous feats of 
lifting objects and pouring liquids from one beaker to 
another while the operator controlled its movements from 


signal for the second receiving tube. : 
To test adequately the possibilities of the stereo-television 


another room over 50 feet away. 


Sound Is Studied in New Test Chamber of M.LT. Acoustics Laboratory 


The interior of the new test chamber of the Massa- 
chusetts Institute of Technology is shown. The principles 
which explain how sound gets from one side of the wall 
to the other are being studied, as well as the use of these 
principles to achieve quieter, more restful homes and 


offices. Left to right are Dr. R. H. Bolt, director of the 


laboratory; Dr. J. J. Baruch, designer of the electronic. 


equipment; and Dr. L. L. Beranek, technical director 
of the laboratory: The test panel, mounted on a steel 
frame, is set into one wall of a soundproof concrete test 
chamber. The inside of the concrete test room is 
lined with glass-fibre wedges, which absorb all re- 
flected sound. By absorbing this sound the wedges 
leave the microphone free to concentrate on the noise 
that comes through the test panel 
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Dr. Baruch, who designed the electronic recording device, is watching 
the stylus as it draws a sound “contour map” from information trans- 
mitted automatically by a sensitive microphone moving about in the 
test chamber. A uniform steady sound is sent toward one side of a wall 
to be tested. The source of sound is an array of 256 small loudspeakers 
mounted close together in a panel of 16 rows of 16 speakers each. Elec- 
tronic oscillators drive the speakers, which can be phased so that they 
all push in unison or so that some are ahead or behind others. On the 
other side of the wall is a microphone which picks up the sound which 
gets through the test sample. This automatically reports on how much 
sound passes through each component of the panel, sends the report to 
a mapping device, and automatically puts the information on a map- 
like plot of the test panel. The results show what parts of the panel 
muffle sound best. This may enable engineers to design another panel 

Incorporating only the best features of the previous one 
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Analogue Computers Containing Photo Cells 


E.C. KOENIG 


ASSOCIATE AIEE 


4 ae ELECTRIC analogue com- 
puter is a device for solving prob- | f 1 [ | 
lems involving single-valued non- a 1Es| LI | 
linear parameters. Although it was | ciieet, | Re! 
built primarily for the purpose of lat al \Es| a} s| 
analyzing magnetic circuits, its ap- } | OF bg; 7 
eats ie en lol urs! 
plication can be extended to cover 1 yo Es! | 
the solutions of other nonlinear sys- | ee a rrr wi 
tems. ’ The use of the photo cell as ! bal |Es| bo Rs 
a nonlinear element for representing | tis 
nonlinear parameters of a system aa AC N Rs’ 
’ a 


makes the computer relatively simple 
in design and easy to operate. 

The photo cell has several unique 
features which make it very simple 
to use as a nonlinear element. 


1. A family of curves is obtained 
by varying the amount of light ex- 
citation. 

2. Cells to represent the same 
nonlinear parameter can be easily ex- 
cited from the same source of light. 

3. Particular curves of the fami- 
lies of curves of a group of cells ex- 
cited from the same source can be 
obtained simultaneously by varying the voltage across the 
excitation lamp. 

4. Since the light excitation circuit and the cell circuits 
of the analogue are completely isolated from each other, 
there is no problem of circulating currents through metallic 
connections between circuits. 


Figure 1. 


One or more photo cells in combination with one or more 
resistors in series or parallel and in some instances electro- 
motive forces within the element network form the several 
basic elements which may be used to represent the nonlinear 
parameters of systems. For the case of magnetic circuits, 
the magnetization characteristics of magnetic material can 
be represented by the basic element consisting of a cell and a 
resistance in parallel. 

There are 60 basic nonlinear elements and a number of 
electromotive forces and separate resistors used in the com- 
puter. The electromotive forces and adjustable resistors 
are not permanently connected to form a particular network 
but are available for inserting between the basic elements 


Digest of paper 50-263, “An Electric Analogue Computer Using the Photo Cells as 
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BASIC ELEMENT USED IN 
BLOCK DIAGRAM ABOVE 


Analogue block diagram of the magnetic circuit of a salient-pole synchro- 
nous machine assuming only the teeth and pole head saturate 


wherever required. The elements are divided into six 
groups with the cells of each group excited from a single 
light source. The unidirectional electromotive forces are 
supplied from half-wave rectifiers. The values of the elec- 
tromotive forces can be varied from zero to as high as 2,000 
volts in some cases. As many as ten separate electromotive 
forces can be varied simultaneously. 

An example of how the basic elements, resistors, and 
electromotive forces can be connected on the computer to 
represent a magnetic circuit is shown in Figure 1. The 
magnetic circuit represented is that of a salient-pole syn- 
chronous machine, assuming only the teeth and pole head 
saturate, and the remaining magnetic material of the cir- 
cuit has infinite permeability. 

There nearly always will be some elements of the circuit 
of Figure 1 operating at the lower region of the current- 
voltage curve where this curve and the magnetization curve 
are not accurately matched. Consequently, very small 
errors will be introduced at any point on the calculated 
saturation curve of the machine, but the accuracy will tend 
to improve as saturation increases. The amount of fatigue 
or the amount the current-voltage characteristics of the cell 
changes with time is a function of the current flowing through 
the cell and also of the voltage applied. In calculating the 
saturation curves of electric machines at the highly satu- 
rated region, a current drop of two per cent after ten minutes 
is seldom exceeded. 
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Aluminum Conductors for Aircraft 


W. W. SCHUMACHER 


EIGHT is one of the major factors in aircraft design, 
and any reliable means of weight reduction must be 
thoroughly exploited. Substitution of aluminum for cop- 
per conductors offers appreciable weight savings, especially 
in view of the continuing increase in the size and power of 
aircraft electric systems. ‘The designer of aircraft electric 
systems is very limited in the amount of weight that he can 
save. Aside from choosing the lightest components, the 
only other weight economy that he can control is the cable 
weight of his system. Since the cable weight of recent mili- 
tary and commercial aircraft is approximately 32 per cent 
of the total electric system weight, weight reductions of 40 
to 100 pounds may be realized by use of aluminum cable. 
In early postwar efforts to adapt aluminum cables and 
terminals to aircraft use, difficulty was experienced with 
high-resistance terminals and terminals in which the resist- 
ance increased excessively with age and corrosion. It now 
appears that the early failures were due primarily to the use 
of soft aluminum cable, inadequate terminal installation 
procedures, and faulty terminal plating. 

When exposed to air, aluminum quickly becomes coated 
with a thin film of oxide which acts as an insulator. In 
stranded cable this oxide forms not only on the cable surface 
but on all of the strands as well. This causes a transverse 
resistance between the inner strands and the cable surface 
which must be overcome if satisfactory termination of cables 
is to be accomplished. ‘The strands of aluminum cables 
that are terminated with pressure-applied longitudinally in- 
dented terminals are drastically reshaped and the oxide 
coating is wiped off. ‘The removal of the oxide is enhanced 


Figure 1. The contour and depth of a properly indented terminal 
must produce a mechanically strong connection with the optimum 
electrical conductivity 
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by impregnating the strands with a petrolatum-zinc com- 
pound. The particles of metallic zinc break through the 
oxide coating and form low-resistance current paths from 
strand to strand and from cable to terminal. Furthermore, 
the petrolatum prevents reformation of the oxide which 


CONDUCTOR: #2/0 ALUM. CABLE 
CONNECTOR: LONG. INDENTED TENSIO 
TERMINAL 


8 
RELATIVE CONDUCTIVITY - PERCENT 


MULTIPLY BY 250 FOR TENSION FOR FAILURE - POUNDS 


INDENTATION - INCHES 


Figure 2. The effect of different indent depths for a given contour 
versus conductivity and tension for failure for a longitudinally 
indented terminal 


would increase the terminal resistance with age. Another 
practice, which has proved to be beneficial, is wrapping the 
cable to terminal junction with a vinyl adhesive tape. 
By sealing in the compound and sealing out the air the tape 
prevents reoxidation of the aluminum and corrosion at the 
cable to terminal junction. 

The contour and depth of terminal indent must be co- 
ordinated to produce a mechanically strong connection 
with the optimum electrical conductivity and a cross sec- 
tion which is free of any voids. ‘The entire surface of each 
strand must be in intimate contact with the surface of adja- 
cent strands. Figure 1 illustrates the cross section of a prop- 
erly indented terminal. The effect of different indent 
depths for a given contour versus conductivity and tension 
for failure is illustrated in Figure 2. The conductivity and 
tension for failure increases with depth of indent to a maxi- 
mum and then decreases. To the left of the peak the con- 
nection fails because the cable pulls out of the terminal. 
To the right the cable strands are damaged by excessive 
pressure and break under tension. These data have been of 
great value in standardizing the terminal indent depth for 
optimum performance. 


Digest of paper 50-211, “Aluminum Conductors From the Aircraft Manufacturer’s View- 
point,” recommended by the AIEE Committee on Air Transportation and approved by 
the AITEE Technical Program Committee for presentation at the AIEE Middle Eastern 
District Meeting, Baltimore, Md., October 3-5, 1950. Scheduled for publication in 
AIEE Transactions, volume 69, 1950. 
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eae REPORTED failures of steel ground strand 
attributed to vibration fatigue have stimulated new 
effort toward probing for possible explanations of the under- 
lying reasons for the outbreak. The study of the construction 
practices followed by many utilities revealed several facts: 
failures were more frequently reported on the higher strength 
grades of strand; final tensions in many cases were set at 25 
per cent of rated strand breaking strength at 60 degrees 
Fahrenheit; experience which was gained many years ago 
showing the necessity of armoring conductors at the sup- 
port points has not been applied generally in the case of the 
ground strand. 

Wires comprising the galvanized strand of various grades 
and of type-302 stainless steel were tested in reversed bend- 
ing fatigue. The results on the galvanized wires showed 
that the extra-high-strength gal- 
vanized grade had the highest en- 
durance limit stress of all types 
tested, but when compared with the 
others on a basis of endurance ratio 
(endurance limit divided by tensile 
strength) this grade fell below all 
other grades, indicating that work- 
ing stresses in the extra-high-strength 
grade based on a percentage of its 
ultimate strength should be more 
conservative than for the lower 
strength grades of galvanized strand 
if infinite life is to be expected. The 
stainless steel wire displayed a much 
more favorable endurance ratio de- 
spite its having a slightly higher ul- 
timate strength than the extra-high- 
strength galvanized wire. 

Investigation of the effect of op- 
erating temperature on the endurance limit of various 
materials which are used for strand reveals a maximum 
change of only about 3 per cent for galvanized wire in the 
range —55 to +200 degrees Fahrenheit. The change is 
similar for the stainless steel. 

Effect of temperature variation on elastic modulus was 
determined experimentally for both the galvanized carbon 
steel and the stainless steel wires. It was found that in the 
case of both materials, the modulus change was approxi- 
mately 1,000,000 pounds per square inch within the stated 
range. 

Thermal expansion coefficients, important in their effect 


on static wire tensions, also were investigated in the tempera- 


Divest of paper 50-237, “Vibration and Fatigue Life of Steel Strand,” recommended by 
x AIEE. Gorieise on Transmission and Distribution and approved by the AIEE 
Technical Program Committee for presentation at the AIEE Fail General Meeting, 
Oklahoma City, Okla., October 23-27, 1950. Scheduled for publication in AIEE 
Transactions, volume 69, 1950. Reg! 
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ture range from —55 to +200 degrees Fahrenheit. An 
example of thermal expansion in a typical 500-foot span of 
galvanized carbon steel strand, initially tensioned to 25 per 
cent of rated strength at 60 degrees Fahrenheit, will show by 
virtue of its expansion coefficient a tension of as much as 34 
per cent of rated strength when operated at —65 de- 
grees Fahrenheit. 

Resonant frequency vibration fatigue tests on 5/16-inch 
extra-high-strength 7-wire strand were made to determine 
the effect of various initial tensions on strand life (see Figure 
1), as well as the effect of applying armor rods to the sup- 
port points. When conductor life was plotted as a func- 
tion of vibration amplitude, it was found that the galvanized 
extra-high-strength-grade strand gave erratic performance 
under any tension. However, a definite trend of a de- 
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Reversed bending fatigue of center wire from 5/ 16-inch galvanized 7-wire 


strands at 77 degrees Fahrenheit 


creased strand life (to about one-third) was experienced at a 
given amplitude level when the tension was increased from 
25 per cent to 34 per cent of the rated strength of the steel 
strand. 

Tests indicated thatan increase of about ten times in strand 
life could be attained in either of two ways: by decreasing 
the tension from 25 per cent to about 14 per cent of rated 
strand strength; or by retaining the tension of 25 per cent 
rated strength and applying armor rods at the support 
points. 

Laboratory and field experience both seem to indicate 
that serious consideration could well be given the present 
commonly used tension limitation of 25 per cent of rated 
breaking strength at 60 degrees Fahrenheit. It is felt that 
tensions of 20 per cent at 0 degrees Fahrenheit for extra- 
high-strength-grade galvanized strand would provide much 
more trouble-free operation than is experienced at the 
present. 
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mery, illuminating engineer in charge of the General 
Electric Company’s residential lighting activities, and the 
program is sponsored by the General Electric’s Lamp 
Department, Nela Park, Cleveland, Ohio. The entire 
program is based on a report developed by the Committe 4 
of Residence Lighting of the Illuminating Engineering — 
Society entitled ‘Functional Visual Activities in the Home 
and the Location and Extent of Associated Areas to Be 


Illuminated” which will be published soon. | } 


OR THE FIRST TIME a program to provide better 
|Peaes lighting by the use of definite basic lighting 

recipes has been introduced. By the end of 1951 
about 10,000 demonstration homes throughout the country 
will be in use to show homemakers better home lighting 
by the use of these recipes and to acquaint them with its 
benefits, including easier, safer, and faster seeing and 
greater eye comfort and protection. The lighting recipes 
used in this program were originated by Eugene W. Com- 


} 


The top picture demonstrates lighting as it is now found in the living-dining area of many homes. It is provided by four portable 
lamps and a dining room ceiling fixture. The portable lamps are properly positioned with relation to the furniture and the seeing tasks; 
however, they lack bulbs of adequate wattage. The absence of general lighting makes an uncomfortable seeing situation Fer ull 
poses of this picture, hassocks were used to represent chairs on the side of the room nearest the camera. The bottom pices Aone the 
same demonstration living-dining area after light conditioning. In addition to the four portable lamps, which now contain bulbs o 
adequate wattage, and the dining ceiling fixture, general lighting is provided by a room-length lighted valance and a lighted wal 
cornice. These serve to provide a general level of illumination, eliminating contrasts between lights and shadows. Behind he Yaluntel 
and cornice 20-, 25-, or 40-watt fluorescent tubes or 40- or 60-watt lumiline lamps may be mead 
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A Ifa table lamp is to be used for 
illumination when reading seated 
in an upholstered chair, a lamp 
measuring from 25 to 30 inches to 
the top of the reflector is recom- 
mended. The height of the table 
on which the lamp is placed should 
be 25 inches. The recommended 
light source is a 50-100-150-watt 3- 
light frosted bulb or a plain 150- 
watt bulb for 20 to 25 foot-candles 
oflight. The top of the diffusing 
bowl should be about 9 inches 
across, and the bottom of the shade 
16 inches. The lamp should be 20 
inches to the side and 16 inches in 
back of the reading material 


AA pair of 66-inch torchieres with 100-200-300-watt 3-light frosted 

bulbs located 34 inches to the left and right of the center of the 

keyboard in line with the lower edge of the keyboard will give about 

15 foot-candles of light for reading piano music. Shallow, white- 
inside, dense reflectors are the preferred type 


~ @ Under the shade of a 
floor or table lamp the 
/ lighting diffuser or re- 
flector should resemble 
one of these fixtures 
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A For reading when seated in an 
upholstered chair, a floor lamp 
should be 15 inches to the right 
or left and 26 inches to the rear 
of the center of the reading mat- 
ter. A senior floor lamp 58 to 60 
inches from the floor to the top of 
the shade, which uses a 100-200- 
300-watt 3-light frosted bulb, will 
give 35 foot-candles of light. The 
bottom of the shade should be 49 
inches above the floor. If desired, 
a junior floor lamp, a bridge lamp, 
or a swing-arm lamp with a white 
diffusing 150-watt bulb or same 
voltage in. diffusing bowl may be 
used to give 20 foot-candles 


AA swing-arm floor lamp with a 9-inch diffusing bowl 
and a 150-watt bulb plus a 32-watt circline tube is recom- 
mended for hand sewing and will give 40 foot-candles. 
The center of the shade should be 15 inches to the side of 
the sewing and 12 inches toward the back of the chair 
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A Two 20-watt fluorescent lamps in a fixture with a 
diffusing sheet at the bottom and a translucent reflector 
above may be mounted 9 inches in from the front of a 
desk and 15 inches above the desk top to give 80 foot- 
candles of light for reading, writing, or drawing 
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A When a table lamp is used on a desk, the 16-inch diameter 

bottom of the shade should be 15 inches above the desk top. The 

50-100-150-watt 3-light or 150-watt frosted bulb should be 

used in a diffusing bowl and shielded by a nontransparent shade. 

A pastel blotter on the desk top will prevent glare from the 40 
foot-candles of light 


v An unshielded surface 
fixture holding two 25-watt 
fluorescent tubes may be 
attached to the ceiling over 
the sink and back of a 
shielding board between 
cabinets on each side of the 
sink or range. The shield- 
ing board will protect the 
eyes from the discomfort of 
direct glare. This setup 
will give 25 foot-candles 
of glare-free light on kitchen 
duties at the sink 


AA shielded unit (25-watt fluorescent tube, two 60-watt lumi- 

line tubes end to end, or two 60-watt frosted bulbs 18 inches 

apart) may be attached to the wall behind a range or sink with 
the bottom of the shielding about 58 inches from the floor 


A Two diffusing-bowl-type wall lamps may be used above a desk 
to give 40 foot-candles of light. The top diameter of the bowl 
should be 6 inches, the bottom diameter of the shade 10 inches, 
and the depth of the shade 6'/, inches. It is desirable to have 
the centers of the lamps 30 inches apart, 15 inches from the desk 

top, and 17 inches from the desk front | 


¥V Toilluminate food prepa- 
ration with 25 foot-candles 
of light, a 20-watt fluo- 
rescent tube or 60-watt lumi- 
line tube may be attached 
to the wall near the bottom 
edge of upper cabinets. 
The fixture may be un- 


shielded if the cabinets 
shield it from the house- 
wife’s eyes. If the lamps 


~can be seen when seated at 
nearby breakfast alcoves 
they should be shielded 
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WV To spread 20 foot-candles of light 
evenly on both sides and the front of the 
face a pair of dressing-table lamps may 
be used. The height of the center of the 
shades should be 15 to 16 inches, and the 
lamps should be placed 18 inches to the 
right and left of the center of the mirror 
and 6 inches from the back of the vanity. 
Shades should be white or pale ivory so 
they will not distort the color of the face. 
The use of 100-watt bulbs is recommended 


VW Lighting of a work bench may be 
accomplished by suspending a metal 
reflector shielding two 25-watt fluorescent 
tubes. If desired, a 12-inch-diameter 
round metal reflector may be used with 
a 150-watt silverbowl bulb. The fixture 
should be installed with the center 10 
inches back from the front edge of the 
work bench. A similar fixture may be 
used to give 25 foot-candles of light on 
laundry tubs, ironing board, or ironer 
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> For reading in bed a wall lamp 
may be centered above the head of 
the bed 30 inches above the top of 
the mattress. A fixture containing 
a 25-watt fluorescent lamp or two 
40- or 60-watt lumiline lamps, of 
the type which will let light go up 
as well as down, will give 25 foot- 
candles of light 
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p> A table lamp with a 50-100-150- 
watt frosted bulb in the diffusing 
bowl may be placed on a 28-inch 
bedside table. The center of the 
lamp should be located 22 inches 
sideways from the center of the 
book and 16 inches in back of it. 
The bottom of the lampshade should 
should be about 20 inches above 
the top of the mattress 


p Three 15- or 20- 
watt fluorescent 
tubes are recom- 
mended for 30 foot- 
candles of bathroom 
lighting. A fixture 
should be placed on 
each side of the 
mirror, 15 inches 
from the mirror 
center. Vertical cen- 
ters should be 60 
inches above the 
floor. The third unit 
is mounted on the 
ceiling above the 
washstand 
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An Environment-Free 120-Volt D-C Limit Switch. | 
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HE H420A switch is a newly developed high-per- 
formance hermetically sealed 120-volt d-c aircraft 
limit switch. This switch was specifically designed to 
carry 31/. kw and to interrupt a 1.8-kw motor load, 15 
times a second, for duty cycles of 15 seconds each. 
Development was undertaken because no existing switch 
would meet these rigorous specifications and because 
present 120-volt d-c aircraft electric systems are in need of 
a reliable limit switch capable of interrupting up to 30 
amperes of motor current. Aircraft electric loads of this 
nature now are being controlled with switch and sealed 
relay combinations that are inherently larger, heavier, 
and more unreliable than a corresponding switch. The 
prototype limit switch weighs one-half pound and was 
designed to replace a 21/.-pound sealed relay. 
This switch incorporates, with basic simplicity, the 
following features which are considered essential, though 
they are not available in any other aircraft limit switch: 


1. Positive mechanical separation of the contacts as 
a follow-up to the snap-action mechanism. 

2. Eight ounces of contact pressure per contact. 

3. A magnetic detent which maintains substantial 
contact pressure until after the mechanism trips. 

4. No detectable contact bounce during switch closure. 

5. Double-break permanent-magnet arc suppression. 

6. A contact assembly capable of interrupting 1.8 kw 
of motor load one million times without failure. 

7. High-temperature glass-fused mica insulation. 

8. Hermetic sealing. 


The mechanical features of the switch are obtained 
without using complicated lever and spring assemblies. 
Such complication is eliminated by using a one-ounce 
Alnico-V magnet for producing the detent and snap-action. 
Phenomenal cyclic rate is obtained by combining ample 
thermal capacity in the contact assembly with magnetic 
arc suppression. Rapid mechanical operation is secured 
by applying the operating force «to the:contact armature. 

Positive contact separation is provided as a protection 
against possible contact welds which could result from a 
gross electric overload. If the snap-action mechanism 
cannot separate the contacts, the switch overtravel causes 
the plunger to bottom directly on the contact armature and 
extensions of the armature and then open the contacts 
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Figure 1. H420A switch 
break capacity. Curves 
obtained with an un- 
sealed switch operating 
at sea-level pressure and 
10 cycles for 1-second 
intervals. Inductance 
ratings based on current 
rise time 
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with a force transmitted from the operating device. 

Unlike the typical snap-action switch, the H420A switch 
maintains substantial contact pressure until after the 
mechanism trips. This eliminates possible destructive 
contact chatter as the plunger trip point is approached. — 

Eight-ounce contact pressure has been provided in order 
to circumvent the vibration, contact bounce, and surface 
oxidation problems encountered with switches and relays 
having contact pressures less than four ounces. It has 
been found especially desirable, on a series break device 
with silver-base semirefractory contact materials, to have 
eight ounces of contact pressure per contact. 

The switch is constructed entirely of metal and a very- 
high-quality dielectric composed of fused mica and glass, 
This dielectric is superior to the usual switch insulation 
materials because it will stand exceptionally high tempera- 
tures and will not carbon track under repeated arcing. 

Use of magnetic arc suppression for arc quenching has 
particular advantages in a hermetically sealed 0.1-inch 
gap snap-action limit switch because the increased break 
capacity and minimum arc energy obtainable with blowout 
magnets permit the design of a simpler and more compact 
2-break switch which can interrupt higher energy inductive 
loads at a given cyclic rate. 

Magnetic arc suppression has reduced effectiveness: 
with altitude, depending to some extent upon the variables. 
of contact separation, contact temperature, contact ma- 
terial, blowout field strength and location, load current, 
and possibly the speed of contact separation. Because 
mechanical restrictions limit contact separation to 0.1 inch 
in the H420A switch, hermetic sealing at one atmosphere 
of pressure is the most practical immediate solution to 
environment-free operation. When interrupting the speci- 
fied 15-ampere motor load, a hermetic seal is required 
for reliable operation above a 30,000-foot altitude. , 

At one atmosphere of pressure, the switch has an un- 
usually high 120-volt d-c break capacity. The curves 


‘presented in Figure 1 show- test results when the switch 


was operated in 1-second bursts at 10 cycles per second. 
For all practical purposes, the measured arc energy during 
circuit interruption equals the calculated load energy and 
the switch arc time has a constant value for a given circuit 
time constant L/R. This latter characteristic provides a 
convenient basis for rating the switch. , 

Peak voltages resulting from interruption of the inductive 
loads never exceed 1,000 volts because the arc time increases 
with load energy. This characteristic of the H420A 
switch is desirable because d-c aircraft switches often cause 
insulation-damaging peak voltages in excess of 5,000 volts. 


Digest of paper 50-203, “An Environment-Free 120-Volt D-C High Performance 
Limit Switch,” recommended by the AIEE Committee on Air Transportation anal 
approved by the AIEE Technical Program Committee for presentation at the ATE) 
Middle Eastern District Meeting, Baltimore, Md., October 3-5, 1950. Scheduled fi 
publication in AIEE Transactions, volume 69, 1950. 
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HE CENTRAL prob- 

lem in understanding 

the conduction of elec- 
tricity through gases is that of 
finding the means by which 
a body of gas initially con- 
taining mainly neutral par- 
ticles is converted into one 
with a high density of charged 
particles and maintained 
that way. It is the motion of charged particles under the 
influence of an electric field that constitutes the flow of 
electricity through a gas, exactly as in a metal conductor. 
In a metal conductor there is always a copious supply of 
electrons free to move whenever a field is applied. In the 
gas there is normally no such supply, only a few electrons 
and ions caused by the action of cosmic rays. The prob- 
lem confronting the physicist is to find the mechanisms by 
which these few electrons and ions can be multiplied by an 
applied electric field to a much larger number. When 
such a multiplication has been effected, the gas changes 
its state from that of an insulator to that of a conductor, 
and breakdown is said to have occurred. 

The mechanisms which bring about breakdown depend 
on a variety of factors, such as the pressure of the gas and 
whether the applied field is steady or alternating. In this 
article the detailed processes of breakdown are discussed 
for three cases: 1. high-frequency fields; 2. d-c fields at 
low gas pressures; and 3. d-c fields at high gas pressures. 
The processes are relatively simple in the high-frequency 
case and become progressively more involved for break- 
down in d-c fields at low pressure and at high pressure. 


MCTION OF ELECTRONS IN A GAS 


HE FIRST STEP in all breakdown processes is the ioniza- 
tion of neutral gas atoms or molecules by electron 
impact. The few electrons which are created by the 
action of cosmic rays are accelerated by the applied electric 
field to a velocity sufficient to cause ionization and thereby 
produce new electrons and positive ions. To cause ioniza- 
tion the electron must have a certain minimum velocity, 
which for most gases corresponds to that acquired when an 
electron falls freely through a potential difference of 10 to 
20 volts. 
Normally an electron in a gas cannot fall freely through 
such a potential difference because it will collide with atoms 


See “Dielectrics in Electrical Engineering,” 
“Structure and Polarization of Atoms and 
“Dielectric Relaxation in Liquids 


Fourth in a series of articles on dielectrics. 
A. von Hippel (EE, Sep ’50, pp 771-3); 
Molecules,” J. CG. Slater (EE, Oct ’50, pp8 72-5); 
and Solids,” C. P. Smyth (EE, Nov ’50, pp 975-80). 
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A review is made of the processes involved in 
the breakdown of a gas, in which a body of 
neutral gas particles that acts as an insulator 
is changed to one containing a great many 
charged particles that acts as a conductor. 
Factors which must be taken into account in 
discussing these mechanisms include the gas 
pressure and the nature of the applied field. 
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or molecules on the way. 
Either the field strength has 
to be very high or the gas 
density very low for an elec- 
tron to fall freely through such 
a potential difference. If a 
collision occurs when the 
electron velocity is small, the 
electron simply will bounce 
off the much heavier atom, 
its direction of motion being thus altered with its speed 
being reduced only slightly. At higher speeds which are 
still below the ionization limit, the collision may result in 
the excitation of the atom or molecule which then may 
radiate light. In such exciting collisions the electron 
will lose a large part of its original velocity. The net 
effect of an applied field is to increase the average velocity 
of any electrons present, but the many collisions with 
neutral particles will tend to randomize the directions of 
motion, and the exciting type of collisions will tend to 
reduce greatly the number of electrons which can attain 
an energy sufficient for ionization. 

In addition to this random motion, there will, of course, 
be a small net component of drift in the direction of the 
applied field which will tend to sweep the electrons, new 
and old, to the anode and the positive ions to the cathode. 
This net component of drift velocity in a d-c field, though 
small, still makes it difficult to build up a high density of 
charged particles in a given volume of gas by the direct 
ionization process alone. 


HIGH-FREQUENCY BREAKDOWN 


HE SITUATION is radically changed if the electric field 
is alternated rapidly. ‘Then there is not enough time 
for an electron to get going very far in one direction before 
the field reverses and drives the electron in the opposite 
direction. At 1,000 megacycles and a field strength of 
1,000 volts per centimeter, for example, an electron in free 
space will execute a simple harmonic motion with an 
amplitude of only 0.5 millimeter. If a collision occurs 
during a single cycle of alternation, the net displacement 
of the electron caused by the field is even less. The effect 
of a high-frequency field is then simply to shake up the 
electrons in a gas; that is, to increase their random veloci- 
ties but impart no net drift velocity to them. 

They will move toward the walls of the container and be 
removed there only as a result of their random wanderings 
or, to use a more technical term, by diffusion. This is a 
much slower removal process. The density of electrons in 
gas-filled containers will increase indefinitely, if the rate 
at which new electrons are formed by ionization is greater 
than their rate of loss by diffusion. Thus, strangely 
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enough, when we.go to very high frequencies, where most 
electrical phenomena are more difficult to explain, the 
problem of breakdown in a gas becomes very simple. One 
must simply find the strength of the electric field which 
will shake up the few electrons present to high enough 
random velocities so that they form new electrons by 
ionization faster than they leak off to the walls by diffusion. 

A group of physicists! recently formulated this problem 
in quantitative terms, calculated breakdown fields, and 
checked them against measured values. In the typical 
fashion of physicists they applied their analysis first to a 
gas which has probably no practical importance but has 
simpler properties for the purposes here than any other 
known. This gas was helium contaminated with a small 
amount of mercury vapor. They have named it Heg-gas. 
(Later they applied the method with success to. pure 
hydrogen also.*) 

The analysis begins with a calculation of a distribution 
function of electron velocities. Such a distribution function 
gives the fraction of the electrons present which will have 
velocities in any given range. ‘These distribution functions 
are not particularly interesting to look at. If, for example, 
one plots the distribution function for total velocity against 
the velocity, the curve starts from zero at zero velocity, 
because no electrons are standing perfectly still, rises to a 
maximum value, and decreases to zero at high velocities. 
The theorist, however, finds that with the aid of these 
functions he ean compute the ionization rate from the part 
of the curve above the critical velocity necessary for 
ionization, and the diffusion rate from the complete curve. 

To calculate a velocity-distribution function one must 
take into account all the factors which alter the velocities of 
electrons. These are: 1. collisions with atoms, either elastic 
or inelastic; and 2. acceleration of the applied field. 

In the case of Heg-gas, the mercury atom concentration 
is so low that one can neglect electron collisions with these 
atoms and be concerned only with the collisions between 
electrons and helium atoms. Elastic collisions between 
electrons and helium atoms have been carefully studied, 
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Figure 1. Calculated and observed field strengths required for 

breakdown as a function of pressure in Heg-gas at 3,000 mega- 

cycles for plane-parallel electrode geometry, as given in 
reference 1 
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and reliable data are available describing the properties _ 
of such collisions. The inelastic collisions are less easy ie 
introduce into the theory, and also the available experi- 
mental data are less satisfactory. It is here that the 
mercury vapor comes into the picture. 

The lowest excited state of helium is metastable, which | 
means that if a helium atom is raised to this state it will stay 
there for a considerable time, up to thousands of micro- — 
seconds. (Normally an atom remains in an excited state for 
less than one-tenth microsecond.) During these thousands — 
of microseconds the metastable helium atom will collide with — 
many thousands of normal helium atoms and remain un- 
affected. If, however, it collides with a mercury atom a_ 
strange thing happens. The energy of excitation of the he- 
lium can be transferred to the mercury atom, and this is — 
enough toionizeit. Thus an electron collision which raises a 
helium atom to its first excited state results in the production © 
of an ion-electron pair—not immediately, but in a matter of 
tens or hundreds of microseconds. Furthermore, this 
excitation process is a highly probable one in helium, so— 
that few electrons have an opportunity to get more than ~ 
the amount of energy necessary to accomplish this process. 
Hence excitations to higher, nonmetastable states, or direct — 
ionizations, may be neglected. 4 

With the electron-atom interactions simplified, an exact 
solution of the distribution function could be carried out. 
The problem was still not simple, but by ingenious juggling — 
of the equations~a solution was found in terms of confluent — 
hypergeometric functions. From the distribution functions — 
the rate of electron production by ionization and the rate — 
of loss by diffusion were directly calculable. For any 
given gas pressure these are both dependent on the rms 
value of the electric field strength. To find the breakdown 
field it was only necessary to find that value of the field 
at which the rate of diffusion loss equalled the production ~ 
rate. 

The results are shown in Figure 1. Here breakdown 
field is plotted against pressure for several different electrode — 
spacings, all for 10-centimeter microwaves. The break-— 
down field depends on the electrode spacing because of the 
dependence of the rate of diffusion loss on the spacing. 
These losses are greater for closely spaced electrodes; 
hence the fields required for breakdown decrease as thell 
spacing is increased. The solid lines show the theoretical - 
values, the circles the experimental points. The agree- 
ment, on the average, is within +3 per cent. 

The experiments involved in obtaining the measured 
values required careful planning. Here, of course, the 
developments in the radar field during the war provided 
the basis of instrumentation by which accurate field 
measurements could be made at microwave frequencies. 
A tunable continuous-wave magnetron was used for a 
source of power, a resonant cavity was used for the 


] 
breakdown chamber, and a bolometer was used for power 


measurements. 


| 
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D-C BREAKDOWN AT LOW PRESSURES 


: 

Bae in d-c fields for gas pressures in the range 
of millimeters of mercury is described by the so-called 
Townsend mechanism, after the English physicist "i 
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first correctly identified the main features of the process 
almost 50 years ago. 


The process of breakdown when the Townsend mecha- 


nism is operating is illustrated in Figure 2. Assume a 


chance electron is available near the cathode sometime 
after the field is applied. This will be drawn to the anode. 
On the way it will ionize atoms which will have progeny 
electrons that also cause ionizations. The electric field 
also acts to draw the positive ions toward the cathode. 
They move more slowly because of their greater mass, but 
in about ten microseconds they too will be removed. If 
that were the whole story, a current meter in the external 
circuit would indicate simply a series of pulses corresponding 
to the chance appearance of electrons by cosmic rays. 

There is another process occurring, namely, an emission 
of electrons from the cathode when the ions strike it. This 

‘is a relatively inefficient process with only a small fraction 
of the ions producing an electron. However, it makes a 
“profound difference in the ionization process. If, for 
example, one electron is emitted for every ten ions which 
strike the cathode, and, furthermore, if the original electron 
in its course across the gap gives birth directly or through 
its progeny to ten positive ions, then there is a mechanism 
by which the original electron can be replaced. If the 
ionization is increased slightly so as to give a little more 
than ten ions (say, by increasing the applied potential), 
_._ the density of electrons will increase and breakdown ensue. 

The Townsend mechanism of d-c breakdown at low gas 
pressures appears well established. This was accomplished, 
not by checking observed breakdown voltages against 
calculated ones, as described for the high-frequency case, 
but rather by measuring ionization rates in the gas and 
electron emission efficiencies at the cathode and using these 
experimental data to compute breakdown voltages. These 
data are obtained by studying the current multiplication 
in gas-filled tubes at voltages below breakdown. The 
experimental tubes on which such studies have been made 
are in principle very much like gas-filled phototubes. 
Rather than depend on the chance appearance of electrons, 
a steady supply is provided by shining light on the cathode, 
which gives rise to a current of photoelectrons. If one then 
investigates how the amplification of this primary electron 
current varies with applied voltage and with the electrode 
spacing, it is possible to separate the part of the amplifica- 
tion that arises from the ionization in the gas and the part 
which arises from the emission of new electrons at the 
cathode by ion bombardment. When the ionization rate 
and the electron emission efficiency are thus determined, 
the breakdown voltage is directly calculable and checks 
the experimental values very well. 

Although the mechanisms here have been correctly 
identified, a more satisfactory solution of the problem 
requires that the observed ionization rates be checked 
against values calculated from first principles. ‘This has 
been attempted with only fair agreement between theory 
and experiment. Perhaps the success obtained in the high- 

frequency case will inspire others to try to improve the 
existing calculations for the d-c case. 

Our understanding of the second part of the Townsend 
mechanism, namely, the process of electron emission at 
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the cathode, is in a much less satisfactory state. It is a 
problem of practical importance, too, because the same 
process of electron emission also takes place in glow dis- 
Thus, the operating characteristics of glow dis- 
charges depend very much on the efficiency of this emission 
process, which varies widely among cathode materials. 

So far, it has been stated here that the emission is pro- 
duced only by ions. In fact, the ions produce only part 
of the emission, and the metastable atoms and photons 
which also are generated in the gas make a substantial 
contribution. The first question which arises is what 
fraction of the emission is produced by the ions, by the meta- 
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stables, and by the photons. This obviously will depend 
on the relative number of these particles arriving at the 
cathode, as well as their efficiency of electron emission. 

Experiments have been conducted recently in an at- 
tempt to solve this problem. Use is made of the difference 
in time required for each of the particles once formed to 
get to the cathode. The ions being drawn by the electric 
field will take of the order of ten microseconds. Meta- 
stable atoms are neutral particles and move only because 
of their temperature motion. They will take, on the 
average, about 1,000 microseconds. The photon times are 
harder to specify. If we assume they move with the speed 
of light, they will take less than 0.001 microsecond. Ac- 
tually many of the higher energy photons (which are 
especially efficient photoelectrically) will be absorbed and 
re-emitted by neutral atoms in the gas many times on 
their way to the cathode, thus increasing their transit time 
to as much as 40 microseconds. 

The method of experiment is to study the transient 
character of the current through the experimental tube 
when the light which produces the primary photocurrent 
is pulsed. In Figure 3 oscillograms are shown of the cur- 
rent recorded in such an experiment for a light pulse of 
five milliseconds’ duration. The upper left-hand trace 
shows the current through the tube for a low applied volt- 
age, for example, ten volts, which is so low that there can 
be no excitation or ionization of the argon gas, and the 
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Figure 3. Oscillograms of the current through a gas-filled photo- 

tube when a beam of light 1/299 second in duration is shone on 

the cathode. The tube has plane-parallel electrodes and is 

filled with argon at a pressure of about one millimeter. The gain 

in the vertical amplifier was reduced for the higher voltage 
traces 


current therefore consists entirely of the primary photo- 
electrons released by the pulsed light beam. For higher 
applied voltages the current is amplified, but this happens 
in two ways: first, by a current component in phase, and, 
second, by a current component which is delayed. Near 
breakdown the delayed component becomes particularly 
prominent. 

The origin of the slow component is the electron emis- 
sion at the cathode produced by the metastable atoms. 
These metastable atoms are slow to find their way to the 
cathode and thus cause the delayed nature of this com- 
ponent. On the time scale of these traces, the other 
multiplication processes appear instantaneous and are 
not separable. 

To resolve these processes one must make observations on 
a microsecond, rather than millisecond, time scale. The 
current observed on such a time scale when the Townsend 
discharge is initiated with a light pulse one-tenth micro- 
second in duration is shown in Figure 4. The interpreta- 
tion of this pattern is more involved than that shown in 
Figure 3, but a significant point to note here is the sudden 
drop in current seen at ten microseconds. This drop 
coincides with the arrival at the cathode of the ions formed 
near the anode. The current drops sharply because the 
complete removal of the ions formed by the initial electron 
avalanche results in a sudden drop in the electron emission 
produced by these ions at the cathode. 

From a quantitative analysis of patterns of this kind, 
as well as those shown in Figure 3, it has been found that 
the ions contribute about two-thirds of the emission, the 
metastables about one-third, and the photons just a few 
percent. These figures refer to conditions of field strength 
and gas pressure close to those of interest in glow discharges. 
For lower field strengths and higher pressures, the role of 
the photons becomes more important. 

The mechanism of emission of electrons by the photons 
is, of course, just the well-known photoelectric effect. The 
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mechanism of emission by ion or metastable impact is 
much less well understood and still remains a challenge to 
the physicist. The main experimental difficulty in study- 
ing these processes is the sensitivity of the phenomena to 
the detailed nature of the cathode surface. Thus experi- 
menters in this field must exercise extreme care in prepar- 
ing the surfaces being studied if meaningful interpretations 
are to be made of their measurements. 
A SECOND MECHANISM of d-c breakdown, the streamer 
mechanism, is found to be operative at higher gas 
pressures, for example, in air at atmospheric pressure. 
The breakdown process is characterized by the sudden 
formation of a channel of ionization having a small cross- 
sectional area. 


breakdown voltage for sparks in air does not depend on the 
nature of the cathode surface, and the entire process can 


D-C BREAKDOWN AT HIGH PRESSURES 
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It is commonly called a spark. The 


take place in a time less than 10-8 second, both of which | 


observations rule out the Townsend mechanism. 

To understand this type of breakdown it is instructive to 
consider what happens when the Townsend mechanism 
is assumed to be operating and voltages above the break- 
down value are suddenly applied to a gap. In Figure 5 
charge and potential distributions are shown schematic- 
ally for small and large overvoltages. The upper left 
diagram shows the distribution of charge in the gap with a 
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small overvoltage just after a single chance electron starting 
from the cathode completes its journey across the gap. 
The density of ionization will, in general, be so small that 
the distribution of potential across the gap will not be dis- 
torted appreciably by this single avalanche (Curve 1 on po- 
tential distribution curve). 
gap so much more slowly than the electrons, subsequent elec- 
trons starting from the cathode will leave behind positive 
ions whose charge will add to that left by the first electron, 
so that the potential distribution will subsequently be dis- 
torted to that of Curve 2 and then Curve 3. The develop- 
ment of steeper gradients in the potential near the cathode 
makes for more efficient ionization, and the charge density 
in the gap then increases even more rapidly. The increased 
conductivity of the gas, however, results in voltage drops 
in the external circuit, so that a lower voltage is available 
across the gap. The discharge then will find a stable 
operating condition, Curve 4, in the form of a glow or arc 
discharge. 

When a much higher voltage is applied suddenly, the 
charge density of ions and electrons in a single avalanche 


Since the ions move out of the — 
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may itself be large enough to disturb the applied field 
appreciably. This effect will be enhanced if the gas 
density is high and therefore it prevents rapid diffusion 
of the electrons. The potential distribution now will have 
both a negative and a positive curvature corresponding to 
regions of positive and negative net space charge. Thus 
the field is enhanced at both the front and rear of the 
ionized region. When this happens the region of ioniza- 
tion is rapidly propagated both forwards and backwards, 
and a visible channel, called a streamer, is seen. The 
streamer propagates itself so rapidly that the only known 
mechanism available to explain its velocity is that of photo- 
ionization. High-energy photons generated along with 
the ions are thought to move with the speed of light and 
ionize the molecules behind and ahead of the region first 
ionized. New avalanches are created very soon in the 
enhanced fields, and a channel filled with charged particles 
bridges the gap. 

It is obvious that the operating mechanism of breakdown 
will shift continuously from the Townsend to the streamer 
mechanism as the amount of overvoltage is increased. For 
breakdown in air a number of factors combine to limit the 
range of operation of the Townsend mechanism to a very 
small value. Among these factors are the low electron 
emission efficiencies of most cathode materials by ion bom- 
bardment when exposed to a gas containing oxygen and 
the low diffusion rate of particles in a gas at atmospheric 
pressure. The former effect requires a large amount of 
ionization even to get breakdown by the Townsend mecha- 
nism, while the latter effect tends to keep the ions and 
electrons concentrated in a small volume, so that space- 
charge distortion of the field is more easily accomplished. 

The breakdown of overvolted gaps has been known to 
take place in the order of 10~® second for over 20 years. 
Accurate measurements were not available until recently 
when a micro-oscillograph capable of a time resolution in 
the range of 10—!° second was applied to this problem.’ 
The difficult experimental problem of generating voltage 
pulses having a rise time of 41071 second was solved. 
Figure 6 shows traces of the voltage across the test gap. 
The finite rate of rise is caused by the characteristics of the 
voltage generating circuit. The drop in voltage is caused 
by the breakdown of the gap, and the delay in its occurrence 
is seen to depend on the value of the applied field. 
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Figure 5. Charge and potential distribution in a gap at small 
and large overvoltages 
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Figure 6. Traces of oscillograms of the potential across a test 
gap in air for large overvoltages, according to reference 3 
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Figure 7. Time required for breakdown of a gap in air versus 
applied field, according to reference 3. The circles are experi- 
mental points, while the curve represents the time calculated for 
a single electron to produce an ionization density which gives rise 
to a space charge field equal in strength to the applied field 


Figure 7 shows values of the time measured for break- 
down to occur plotted against the value of the applied 
field. The times are seen to vary from less than 0.001 
microsecond at high fields to 0.1 microsecond near the 
threshold value of the field. The solid curve is a calculated 
curve of the time required for a single electron to build up 
an ionization density which will produce a space-charge 
field equal in magnitude to that of the applied field. For 
high field strengths it can be seen that the calculated 
curve fits the experimental values well, thus suggesting that 
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the main delay in breakdown is caused by the time required 
for this critical field distortion to occur, and the time 
required for the streamers to propagate is negligible in 
comparison. The deviation at lower fields is attributed to 
the fact that under these conditions the electron avalanche 
may cross the entire gap before the critical field is set up. 
Hence more than one electron avalanche is required. 

. There is still much that is not understood about the 
streamer mechanism, but the research effort directed toward 
solution of this problem should clarify the situation greatly 
in the next few years. 


AFTER BREAKDOWN 


HE ESSENTIAL PROBLEM Of breakdown has been shown 
to be that of finding the conditions which lead to a 
rate of electron and ion production greater than the rate 
of loss. For high-frequency fields, the rate of creation of 
electrons by ionization was seen to be greater than the rate 
of loss by diffusion. For d-c fields at low pressure an 
electrode effect was added, namely, the emission of electrons 
at the cathode by ion, metastable, and photon bombard- 
ment. The electron emission here must be adequate to 
make up for losses to the anode. 
For d-c fields at high pressure the situation is more 
complicated and involves a space-charge distortion of the 
field accompanied by photoionization in the gas. 


When conditions for charge multiplication are met in 
any of these cases, the density of charged particles in a 
given volume will rise by a large factor, 10! or more, but 
obviously the multiplication must stop somewhere. The 
upper limit is set by a number of factors. First of all, there 
is a limit to the number of neutral gas particles present to 
be ionized. This is a theoretical limit rarely reached. 
More often the upper limit of ionization is set by the 
voltage drops in the external circuit, which decrease the 
applied potential available across a gap, and by the de- 
velopment of space-charge effects which upset the original 
field distribution. These last two factors usually combine 
to form a stable operating condition in which a self-main- 
tained discharge, such as a glow or an arc, is set up between 
the electrodes. To understand these operating discharges 
one must follow ionization effects, diffusion effects, electrode 


effects, and space-charge effects just as has been done in ~ 


the breakdown problem. 
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Electrical Work Injuries in California — 
Industries from 1940 to 1949 


ES EsCARL PON 
ASSOCIATE AIEE 


XPOSURE to electric installations and equipment 
E in places of employment in California resulted in 

injury to 4,851 persons during the ten-year period 
from 1940 to 1949 inclusive. This number includes 380 
fatal injuries; 1 out of every 13 electrical injuries resulted 
in death. 

This ratio is fifty times higher than that for all California 
work injuries requiring medical attention reported for the 
year 1949. Of about 430,000 such injuries, 656 were fatal, 
or a ratio of 1 death to every 655 injuries. 

These figures, compiled from reports of physicians, 
surgeons, insurance companies, and employers operating 
under provisions of the California Workmen’s Compensa- 
tion Act, do not include either injuries which happen 
to the public or industrial injuries requiring first-aid 
treatment only. 

A study of these reports shows too many cases where 
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inexperienced employees and novice electricians either 
were making electrical repairs or adjustments at the time 
they were injured or were responsible for creating unsafe 
electrical conditions. 

Misapplication of electric material and equipment is 
responsible for a large number of these accidents. Elec- 
trical cords, plugs, and receptacles designed and intended 
for use in the home usually will not withstand the severe 
service encountered in a mill, factory, or plant. 

Injuries involving cords, plugs, receptacles, and lamp- 
holders are due mainly to improper use or disrepair of the 
equipment, or both. To use a cord in wet locations or 
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Fourth in a series of articles on safety. See “Perception of Electric Currents,’ C, F. 
Dalziel, T. H. Mansfield (EE Sep °50, pp 794-800), “108 Are Missing,” E. G. Hunt 
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near grounded surfaces, when 
it is intended for use in dry 
locations where carpets, lin- 
oleum, and hardwood. floors 
provide insulating surfaces, is 
to invite trouble. Defective 
cords with bare spots or pro- 
truding strands should not be 
merely discarded but des- 
troyed, or they may even- 
tually find their way back into service. 
and becomes brittle with age. 
live parts. 

Motor branch-circuit disconnecting switches are intended 
for use when it is necessary to work on the motor or its 
control equipment, or to disconnect branch-circuit fuses 
so that the fuses may be removed safely. Too often these 
switches are used as motor control devices, and unless they 
are of the motor-circuit or horsepower-rated type they 
should not be used as motor control devices, especially for 


larger size motors. Switch explosions cause many painful 
injuries. 


A greater percentage 


in electrical accidents 


Rubber deteriorates 
Plugs break and expose 


Persons contacting or bringing conducting material into 
contact with high-voltage lines produce the greatest per- 
centage of fatalities in California, as far as electrical work 
injuries are concerned. Contacting high-voltage lines 
with mobile cranes, portable well-drilling rigs, orchard 
spray rigs, and other movable equipment caused one out of 
every three persons.injured in this way to lose his life. The 
extreme hazard of this type of accident resulted in an addi- 
tion to the California Penal Code in September 1947, making 
it a misdemeanor to operate, place, erect, or move any tools, 
machinery, equipment, material, building, or structure 
within six feet of high-voltage*conductors. Widespread 
publicity and education on the subject and warning to 
operators working in the vicinity of high-voltage lines 
have helped to cut down injuries and fatalities, but the 
figures are still high. 

Most of those injured while using portable tools suffered 
severe electrical shock, with many rendered unconscious. 
The necessity for the proper grounding and careful main- 
tenance of portable electrical tools and associated wiring 
is plain. 


Table I. Reported Electrical Work Injuries—1940 to 1949 


4940 1941 1942 1943 1944 1945 1946 1947 1948 1949 


are due to electrical causes than to any other 
single hazard. The highest number of fatalities 


contact or bring conducting material into con- 

tact with high-voltage lines. 

dents are caused by the misuse of material 
and equipment. 


of occupational deaths In Table I an attempt has 
been made to break down 
electrical injuries into a mini- 
mum number of groupings 
according to the apparatus 
or equipment involved. The 
table indicates where par- 
ticular attention should be 
directed, as far as apparatus 
and equipment are con- 
cerned, to reduce electrical accidents and injuries. 

Details which cannot be incorporated in a table of this 
sort include: 


occurs when people 


Many other acci- 


Lack of adequate work space around equipment. 

Defective insulation. 

Broken, burned, wet, or damaged parts. 

Inadequate guarding of exposed energized parts. 

Use of unsafe or defective tools. 

Use of tools in an unsafe place. 

Use of tools in an unsafe manner. 

Use of equipment not suitable for the application. 
9. Lack of maintenance contributing to or causing 

unsafe electrical conditions. 

10. Failure to use proper personal protective equipment. 

11. Use of unsafe or defective: personal protective 
equipment. 

12. Failure of workmen to de-energize equipment, or 
their failure to lock switches or circuit breakers in the open 
position. 

13. Unsafe position assumed by injured. 

14. Unsafe acts of injured, or of others. 

15. Unqualified person operating, installing, or main- 
taining equipment. 
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Electrical accidents and injuries will be reduced greatly 
if only safe equipment and apparatus are used, are installed 
properly, and are maintained in good condition, and if 
live parts are not exposed to contact or mechanical injury 
of any sort. 

It will be necessary, too, for all persons engaged in 
electrical work to maintain safe practices and be constantly 
vigilant against performing an unsafe act. There must 
be a continuing and increasing interest in safety in electric 
installations, from the design engi- 
neer to the workmen installing, 
operating, or repairing equipment. 

Under the Labor Code, the Di- 
vision of Industrial Safety has the 
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Integral Controller for Carrier-Type Servomechanisms 


Ru Le. GOS GRA 


ATISFACTORY integral controllers and integrators 
for use in d-c servo systems and computers now exist. 

Unfortunately good counterparts do not exist for use in 
a-c servo systems and computers. Band-pass filters may 
be used, but they are unsatisfactory if the carrier frequency 
changes. The usual integral controller consists of a phase- 
sensitive detector which converts the a-c input signal into 
a direct voltage. This direct voltage is applied to a d-c 
integral controller and the output of this controller is 
remodulated. Often drifts of the detector and modulator 
of this last system introduce more error than is desirable. 

The 2-phase induction motor system herein described 
shows promise of becoming a satisfactory a-c integral 
controller. ‘This device consists of a small 2-phase motor 
driving two large inertia disks and an a-c tachometer. 
The motor is excited in such a manner by the associated 
amplifiers that the acceleration of the rotor assembly is 
nearly proportional to the input signal. The velocity of 
the rotor d@/di and the output voltage of the tachometer 
are then nearly equal to the time integral of the input signal 
I,. A block diagram of this system is shown in Figure 1. 

The range and usefulness of this controller are extended 
by supporting the rotor with an air bearing to eliminate 
all friction except viscous friction and by a special nonlinear 
amplifier which linearizes the speed-torque relationship of 
the 2-phase motor. 

It can be shown that the speed torque equation of a 2- 
phase motor becomes approximately 

2 2 

=H only =) (1) 
when the effective rotor resistance becomes large. In 
this equation J, and [,, the two currents flowing in the two 
stator windings of the motor, are in phase quadrature. 
The current J, is held constant while the current J, is pro- 
portional to the input signal plus the output of the non- 
linear amplifier. When the gain of this nonlinear amplifier, 


which amplifies the output of the tachometer, is G(1+I,?) 
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+ 
INPUT 
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Figure 1. Block diagram showing method of exciting motor 
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where G and @ are constants, the equation of motion is 


VA a anny 6 omen any epee 


J@9/d?=K'I, (2) 


where J is the inertia of the rotor system, J, is the input 
signal, and &’ is a constant. Since equation 2 indicates 
that the acceleration of the rotor is directly proportional 
to the input signal J,, the rotor velocity and the tachometer 
output voltage are proportional to the time integral of the 
input signal J,. - 

The mathematical expression given by equation 2 is 
based upon a perfect nonlinear amplifier and a simplified 
speed-torque relationship, and as such is only an approxi- 
mation of the actual operation which takes place. For- 
tunately this relationship is quite accurate. Tests indicate 
that the Q of a band-pass filter equivalent to this controller 
would have a value of over a million when the carrier 
frequency is 400 cycles. This corresponds to a low-pass 
filter with a passband of less than one cycle per hour. 

In many cases simplified versions of this controller may 
be used as integral controllers. For example, a con- 
ventional 2-phase motor which will nearly maintain speed 
when one phase alone is excited may be used as an integral 
controller. The terminal voltage of one phase of this 
simplified controller is constant and the second phase is 
excited by an amplifier with degenerative current feed- 
back. The output terminal voltage of the amplifier, the 
output of the integral controller, is proportional to the 
sum of the input voltage and a voltage nearly proportional 
to the velocity of the rotor. Because of the nonlinear 
characteristics of this type of motor, the characteristics of 
the controller are not linear; however, good results may 
be expected at values of d6/dt less than 25 per cent of 
the synchronous speed ap. 

If the motor of the simplified controller is connected in 
a bridge circuit, the voltage proportional to the input © 
voltage may be nearly eliminated if desired and the output” 
voltage will be approximately the time integral of the 
input signal. In these simplified controller arrangements — 
the nonlinear effects of conventional bearings may be 
minimized by increasing the inertia of the rotor to as large 
a value as is practical. The performance of the com- 
pensated integral controller is better than is required for 
most servo systems; it is actually an excellent integrator. 
It may be simplified for practical applications. 
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Rolling-Ball Analogue of Coupled Circuits 


PC. MAGNUSSON 
MEMBER AIEE 


A’ ELECTRIC SYSTEM consisting of two inductance- 

capacitance loops with negligible resistance, and induc- 
tively coupled together, has a dynamic analogue in the 
form of a freely rolling ball on an elevated surface, an ex- 
- ample of which is sketched in Figure 1. The time integrals 
of the loop currents (gq, and q:) are used as displacements 
along co-ordinates x; and x2, with the loop currents them- 
selves analogous to the velocity of the ball along those co- 
ordinates. The magnetic field energy becomes analogous 
to the kinetic energy of the ball if the scales of the co-ordi- 
nates are made proportional to the square roots of the corre- 
sponding self-inductances, and x; is inclined with respect to 
%2 at angle 6, the angle whose cosine is the coefficient of 
coupling. ; 

The height of the surface, and hence the potential energy 
of the ball, is made proportional to the dielectric field 
energy at each co-ordinate position. Contours of dielectric 
field energy are concentric ellipses, the axes of which also 
are known as the normal co-ordinates, y; and j2. Theangle 
separating 7, from x, is found as follows: 


tan 2a = (sin 28) /{ [(LiC,) /(Z,C;)] +cos 26} 


General motion of the ball on the surface may be resolved 
into two independent harmonic motions (w; and we) parallel 
to the normal co-ordinate axes; this is illustrated in Figure 
2, which shows the response of the circuit with the initial 
conditions of both capacitors charged but no currents 
flowing. The initial charges are scaled on the x; and x2 
axes, with oa equal to q;(0) VL, and ob equal to q2(0) Ai 
A parallelogram is formed by drawing Jc parallel to oa, and 
ac parallel to 0b. The location of the ball at point c, with 
no initial velocity, represents the initial conditions. Line 
cd is drawn perpendicular to normal co-ordinate y,, and ce 
perpendicular to yp. 

Line od is »,(0), the amplitude of the cosine oscillatory 
motion in the analogue with frequency of w;/27, and oe is 
y2(0), the amplitude of the cosine motion with frequency of 
w./2m. Because there are no initial currents, the ampli- 
tudes of the sine oscillations are zero. 


Figure 1. Isometric projection of part of the analogue surface 
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The amplitude of each frequency component appearing 


in ¢; may be found by drawing lines df and eg parallel to the 
x2 Axis. 


= (of /C,/ 1) COs at (og /C.A/ Ly) COS wot 


Similarly, the amplitudes of the two compogents in ¢2 
may be found by drawing dj and eh parallel to the x; axis. 


2 = (07 /C, /L) cos «t+ (oh [CV Ly) COS wot 


The path of motion is limited to the rectangle ckmn, 
which is symmetric about the »; and y, axes. If the ratio 


Figure 2. Ball path analogous to circuit behavior for initial condi- 

tions of both capacitors charged but with no initial currents. 

Circled points correspond to intervals of 0.001 second in circuit 
response 


«w/w. is irrational, the path of motion eventually will pass 
infinitesimally close to every point within this rectangle; 
should the frequency ratio be rational, the path will assume 
a repetitive pattern. 

The general plan followed here for deriving an analogue 
should be applicable to any dynamically conservative elec- 
tric or mechanical system with two degrees of freedom, and 
should be of aid in the interpretation of transients in such 
systems. 

By a suitable selection of the vertical and horizontal 
scales, a physical model may be designed with a known ratio 
between its time scale and that of the original circuit. Such 
models, used in conjunction with top-view plots of ball 
paths, probably would furnish the best educational means of 
applying the theory developed here. 


Digest of paper 50-245, “Transients in Coupled Inductance-Capacitance Circuits 
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Special Devices for Differential Analyzers 


A. C.7G OvOrr 
ASSOCIATE AIEE 


EVERAL PAPERS have been written! describing 
the differential analyzer and the complex engineering 
problems which can be studied with it. The range of the 
analyzer is being extended continuously by the development 
of special devices which will generate auxiliary functions 
and assist in the representing of physical detail, thus, in 
effect, increasing the number of integrators available for the 
solution of a given problem. 

The initial installation of the analyzer shown in Figure 1 
included provisions for generating many functions without 
the aid of integrators. These functions were as follows: 
1. curve input, 2. vector summation, 3. generation 
of sinusoids on the polar input table, 4. multiplication 
of two variables, and 5. phase-angle determination. Each 
function required an operator to track a curve or follow a 
template by turning a crank geared to an indicator. 

An automatic curve follower has been developed to per- 
form these functions. It is a servomechanism which is con- 
trolled by a signal from photccells in the scanning head. 
It will follow the boundary between two contrasting. sur- 
faces, such as an inked curve on white paper or the edge of 


Figure 1 (top). View of the differential analyzer in operation 


Figure 2 (bottom). Input table arranged for automatic curve 
following 
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Cook, Kirchmayer, Weygandt—Devices for Differential Analyzers 


Cc. N. WEYGANDT 


ASSOCIATE AIEE 


atemplate. Figure 2 illustrates the use of the curve follower 
for the automatic tracking of an input function. 

Additional devices which have been developed include 
the following: 6. gear-ratio selector, 7. remote indicator, 
8. transportation lag device, 9. recording counter, 10. 
deadband units, and 11. disconnect units. 

By means of the gear ratio selector it is possible to change 
from one set of conditions to another without stopping the 
analyzer. This is a convenient device for the representation 
of saturation, ceilings, overriding signals, and changes in 
system gain. The principle used involves two differential 
gears and an automatic shaft-locking device. 

Selsyns have been used to provide a means of remote indi- 
cation of the progress of a variable for the operation of input 
tables where functions of more than one variable are being 
introduced. The selsyn generator can be coupled to any 
shaft in the analyzer, and the selsyn motor-driven counter 
can be mounted in any desired position. 

The transportation lag device introduces functions of the 
form: 


F(t) = f(t—a) or 
F(t) = f() — f(t—a) 


These functions have been encountered in control studies 


. where a time lag exists between the sensing of a signal and 


application of the signal to the control system. 
The recording counter provides a record of results in the 


form of tabulated numerical data.. Results are usually de-~ 


sired in the form of curves, but the recording counter may 
be used to extend the number of variables recorded. In 
some cases the recording counter has advantages over the 
curves because numerical results from the counter preserve 


a higher degree of accuracy than does a plot, and arithmetic~ 


manipulations of the output data, if necessary, are facili- 
tated when the results are available in numerical form. 

The disconnect unit is a shaft coupling which is to be 
used when.a mechanical drive is to be engaged or disen- 
gaged frequently. 
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The Functional Design of Buildings 
for Electrical Education 


J DRY. D. ER. 
MEMBER AIEE 


ae -TOO OFTEN the procedure in connection with 
the construction of a new electrical building on a 
college campus includes a point at which the archi- 
tects present to the electrical engineering department a 
set of preliminary plans of the proposed building. This 
is a critical time since at this instant the electrical engineers 
are being given their first major opportunity to see and 
discuss the internal arrangements with which they are 
going to have to live for many years, yet at the same time 
the architects’ ideas of exterior and general building layout 
have been rather definitely settled. Thereafter, any point 
at which the electrical engineer’s ideas of interior arrange- 
ment differ from the architects’ ideas of exterior arrange- 
ment may lead to a clash, often settled in favor of the 
architects. Unlike the doctors, the architects cannot 
bury their mistakes, but neither do they have to live with 
them! 

The usual procedure should be modified and the elec- 
trical engineers should prepare and present to the architects 
a detailed, well-thought-out 
set of interior arrangements 
and specifications at the same 
time that the architects begin 
their work, thus placing the 
engineer’s desires with respect 
to the interior on an even | 

footing with the architect’s 
thinking concerning exterior 
and general appearance. To 
this end we wish to present 
here a discussion of certain’ _ 
‘building and laboratory details, all matters which can, 
and should, be laid out before the architects begin their 
work. If this is done, the architects usually will have no 
difficulty in providing the desired facilities, limited only 
by available funds. 


x 


OBJECTIVES 


A NEW BUILDING is an extremely permanent and ex- 
pensive capital investment, but one which can give 
very large returns on that investment if planned with 
respect to the needs of the future, not those of the past. 
Because the dean performed his laboratory work in a certain 
way as a student is no reason for the students doing their 
work the same way, even though the dean thinks it is a 
good reason. The use of a building is in the future—it 
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In order to obtain the best use of a building in 
which electrical engineering will be taught, 
many specifications for interior arrangements 
should be supplied to the architects before 
any of their plans are made. 
building can be designed around its function 
instead of fitting the functions into the building 
after it is erected. 
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should be planned for the future. Since the future cannot 
be known, a building must be planned with logic and 
philosophy, not with a yardstick and a detailed list of 
laboratory equipment. 

As a guiding philosophy in the design of buildings for 
engineering education a list of four freedoms is proposed: 


1. Freedom from interfering influences. 
2. Freedom for logical layout. 

3. Freedom for flexibility. 

4. Freedom from uneconomic design. 


Of these the first is considered the most important, fol- 
lowed closely by the second. Proper planning for these 
two freedoms may lead to ready fulfillment of the third and 
fourth. 


Freedom from Interfering Influences. In general, a building 
should provide the best possible housing for the teaching 
process, and the best possible arrangement of laboratory 
facilities to aid in that process. 
As a corollary to that, a 
building should also provide 
proper housing for the staff, 
since anything that interferes 
with staff morale reflects 
directly into the teaching 
process. Improvement in the 
efficiency of the teaching proc- 
ess is the main goal and an 
interference with the teaching 
process should be classified 
as undesirable and unwarranted. Such interference may 
be defined as any influence on the students’ senses which 
does not pertain to the subject under study. 

These interfering influences may include noise, visual or 
physical distractions, and uncomfortable environment. 
The passage of a pretty coed past a window can well lose 
a class for an appreciable amount of time. Many of these 
interference factors can be dealt with through building 
planning, and while some may be minor in themselves 
they become of major importance when it is realized that 
on a college-building basis many can only be dealt with 
once in 50 years! It can be said that certain of these 
distractions are definitely eliminated in the construction of a 
monastery or a prison, but later portions of this article will 
dispel any illusions that the type of planning proposed is 
along those lines. 


In this way, the 


Freedom for Logical Layout. In addition to freedom from 
interfering distractions, buildings and laboratories should 
be laid out to be logical. Questions should not have to 
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Figure 1. In this common arrangement of work 

tables for a 12-man section in a room 17 feet deep, 

the only storage space is under the windows, and 

the work area of one group interferes with the 

work area of another. Coefficient of utilization 
of the room is only 39.4 per cent 


be asked, because answers should be apparent. A student 
should not have to ask, ““Where do I go to plug 230 volts 
d-c onto circuit C-37?” The answer should be obvious 
in the layout of the laboratory. An instructor should not 
have to ask, “If this set is composed of a wound-rotor 
induction motor and a d-c machine, where will I find an- 
other of similar arrangement?” Again the layout should 
provide his answer. Student traffic to and from instru- 
ment rooms, plug panels, places of storage of minor equip- 
ment, should be studied and planned and not left to chance. 


Freedom for Flexibility. By this is meant freedom to re- 
arrange functions, in effect to redesign the building if a 
future need arises. It may be possible to predict the space 
needs of various instructional and research fields quite 
accurately as of today, but who can say what instructional 
and research areas will be in existence 20 years from now, 
without even attempting to predict their space needs. 
Modular exterior and readily removable room partitions 
provide the answer, giving a flexibility of internal arrange- 
ment in terms of some small modular distance. The strip 
windows so common now also lend themselves to this and 
prevent the architect from first laying out a window ar- 
rangement to which all interior planning must subsequently 
conform, an old architectural habit. The height of these 
windows may be made to eliminate at least a portion of the 
external distractions seen from a classroom. This is 
definitely an aid in retaining student interest in the teacher’s 
remarks when the classroom faces a busy city street, or 
when spring calls a young man’s fancy. 


Freedom from Uneconomic Design. To the Board of Trustees 
an uneconomic design is almost always one which has a 
high price tag, when it is known by all that the reverse 
may be true. Such Boards will not concern themselves 
with cost details and would be inexpert if they did. Since 
they will not consider these design details, it follows that 
the engineers must, and it is to our interest to do so since 
thereby we may obtain more usable space for the allotted 
funds. 

Building costs are frequently figured on a cost per square 
foot or per cubic foot basis. Any planning which can 
reduce the square feet thereby reduces cost and is desirable 
if it does not interfere with the building function—that of 
teaching. As will be shown in the following portion of 
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Figure 2. With this room arrange- 
ment the students have the same 
amount of working space; light from 
the windows falls on the tables; 
floor-to-ceiling storage is supplied, 
and utilization is 52.6 per cent 
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Figure 3. An 18-man room can 

be planned with a parallel-type 

layout. Utilization coefficient is 
63.5 per cent 


this article, square feet can frequently be reduced with a 
concurrent improvement in teaching conditions. To this 
end certain room arrangements will be considered. 


BUILDING PLANNING 


A FEATURE which is paramount in cost is the depth of 
rooms, measured from the hallway. A first tendency 
is to center the hallways, leading to a common depth for 
all rooms. A better arrangement may be to throw the — 
hallways off center, giving rooms of two different depths, 
one suited to office use, the other of greater depth designed 
for classroom or laboratory. 

In order to consider the planning of laboratory space 
from a general viewpoint, it is necessary to depart from 
the general and make certain specific assumptions to 
illustrate the general method. Arbitrarily, it may be 
assumed that the depth of laboratory space will be estab- 
lished near to either of two values, 17 feet or 22 feet. ‘These 
seem to lie near values frequently selected for rooms in — 
modern buildings, and are at least suitable, as will be 
shown. They also avoid excessively deep dimensions 
which lead to high cost, and, as will be shown later, are 
economical in floor area, both matters being of extreme — 
interest to the Board of Trustees. 


Small Laboratory Arrangement. Having selected several — 
suitable depths, the next matter to be determined is length, 
which is definitely tied in with internal function and 
arrangement. ‘Taking first the matter of laboratories for © 
small apparatus, circuits laboratories, electronics labora- 
tories, radio laboratories, and the like, many schools prefer, 
although are not always able to maintain, a small section — 


: ‘ 
size, say of 10 to 12 men. It may be mentioned here that — 


a 


laboratories which are planned for this size section, and are — 
not oversize, are powerful arguments against any adminis- 
tration move to increase section sizes arbitrarily. Taking 
a 12-man section as standard, subdivided into four 3-man 
groups, a very common arrangement of work tables is 
that of Figure 1, in the room of 17-foot depth. 
If used as shown, only space under the windows is 
available for equipment storage. If, to increase storage 
space, the tables are placed along the windows, then the 
very bad situation arises of having students facing bright 


outdoor light for long periods. This is also an argument 
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against doubling the room occupancy by placing tables 
along both walls. Working tables in the center of floor 
areas lead to traffic troubles and a confused appearance in 
the room, as well as complicating electrical service to these 
tables, due to future inflexibility of buried conduits in 
floors. 

Using indicated working and interference areas as shown 
in the figure, a coefficient of utilization may be defined as 
the ratio of the area utilized in actual student work to the 
total floor area. For this room this figure is 39.4 per cent, 
not too pleasing to a statistically minded Board of Trustees. 
In addition, the indefinite work area of each group and 
the time taken for intergroup student gossip both introduce 
distractions and reduce student working efficiency. 

The arrangement of Figure 2 seems more desirable. 
Student working areas in square feet are as before, but 
interference areas and interference are greatly reduced. 
The working areas of each group are definitely defined; 
it is not easy to gossip with the next group, and good 
working efficiency is obtained. A corollary advantage is 
that when an instructor wishes to check equipment opera- 
tion he need not elbow into a working group, but goes to 
the back of the table and talks across the table with the 
particular students concerned, or checks their circuit 
connections. 

This layout also permits the tables to be placed on the 
window side, gives full wall space for equipment storage, 
and needs no extra room length for a doorway. The area 
is only 442 square feet compared to 620 square feet of 
Figure 1, and the coefficient of utilization is 52.6 per cent. 

Figure 3 illustrates the layout of Figure 2, expanded to 
handle an 18-man section in a laboratory of the 22-foot 
width. An instrument or storage room also is included. 
Where section sizes must be large, or room sizes suited, this 
layout is efficient although not so desirable as Figure 2. 
The area is 550 square feet and the coefficient of utilization 
is up to 63.5 per cent. 

Table I summarizes the characteristics of these three 
basic plans. 


Table I. Characteristics of Basic Plans 


Plan 1 Plan 2 Plan 3 
Size of laboratory, square feet............... 620 ba tees AAD, arene 550 
PIPIMLC HITS FEATIGIECR YAN ors Ais cin /e Siwisierokieste ees UE oe a Bs M2 ston 18 
Cost at $18 per square foot. vice. .e sec e eens SUT TOO: sons so 5 POO cat eae $9,900 
ROAISEN OCT StUCO Dts shia e 6 = tialeya ee mielolal eriene G6 ol eS ones oO $663\-a eee $550 
Coefficient of utilization..............0-.+4: RE 3)- en DD) D2 Gos teres angie 0.635 
x 
Figure 
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4 (left). The 
working area for each 
group is clearly defined 
by this placement of 
laboratory tables. 
tables are well lighted, 
and the student does not 
have to face the bright 
outdoor light for long 
periods 
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_An example of the parallel-table layout is shown in 
Figure 4. 


Instrument Rooms. It is highly desirable to combine such 
laboratories in pairs, related by common use of similar 
equipment, with an instrument room placed between, as 
in Figure 5. This permits lock and key storage of the 
more valuable equipment items, reduces distance and 
travel time to a more remote instrument room, and is more 
efficient in usage of floor area than separate rooms for each 
laboratory. 


Power Distribution. A system of bus ducts or some other 
relatively high-current-capacity distribution system should 
make power available at a convenient point in the small 
laboratory. At that point a main distribution panel should 
be provided with protective equipment and circuits 
emanating from it suitable to the power requirements of 
the particular laboratory. 

Certain known fixed-voltage circuits are normally 
supplied. In addition, transfer, or variable-use circuits, 
are useful for supplying the unpredictable or nonstandard 
needs of laboratories. 


Power Outlets. The ultimate terminal of the power 
distribution system within the laboratory is the power 
outlet panel and associated equipment at the student 
work bench. 

The single normally positioned work bench plan lends 
itself admirably to a simple panel board plan, as, for 
example, a circuits laboratory. The panel boards are 
located at the left end of the work bench. In addition to 
the laboratory circuits terminating on the panel board, a 
115-volt a-c plug strip is provided along the length of each 
bench for supply to vacuum-tube voltmeters and other 
test equipment of similar nature. The student’s power 
switch operates a red and a green pilot lamp giving a visual 
indication of whether his switch is closed or open. 


Large Laboratories. In the design of large laboratories 
such as machinery laboratories the basic requirements of 
logical arrangement and freedom from interference also 
can be met. A much-used laboratory table and machine 
arrangement is shown in Figure 6, the table usually being 
on wheels. The problem posed to the student here is: 
“I must work in the space between machines and table 
to make my connections, yet as I make my connections I 
cannot work in the space!” 

An answer to this problem is available by turning the 


= 
fe} 
oO 
i 
= 
4 
pee] 
= 
p= 
lo 
KE 
n 
= 


The 


HALLWAY 


Figure 5 (above). For maximum utilization of 
equipment and space, laboratories are combined 
in pairs with an instrument room between them 
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MACHINE BASE 


Figure 6. This 
widely used ar- 
rangement of labo- 
ratory table and 
machine makes it 
virtually impos- 
sible for the stu- 
dent to get to his 
space between the 
machines and the 
work table 


WORK AREA 


—— AISLE: 


Figure 7. With the work table perpendicular to the machines, 
the danger and inconvenience of dangling leads are eliminated 


table at 90 degrees to the machines, as shown in Figure 7. 
In addition the cubbyhole, or defined working area, 
advantages of the previous small laboratory layout also 
are obtained. Power feeds from one side, across the table 
through the instruments, to motor and generator by way 
of transfer plugs, which also furnish potential points. 
These transfer plugs prevent long leads from pulling 
instruments off the table. This arrangement is shown in 
Figure 8. 

By arranging these working areas side by side, in aisles, 
and supplying power to each aisle, the whole laboratory 
appears as in Figure 9. As many sets per aisle as desired 
may be used, and as many aisles placed side by side as 
space permits. By arranging machines of similar design 
in each aisle, these sections usually will work in one aisle 
at a time, saving shoe leather of the instructor. 

Space in the cubbyhole and to some extent in the aisle 
is available for loads, inductors, and other large portable 
pieces of equipment. The equipment in two aisles is 
staggered, see Figure 9, allowing the use of common power 
panels for two groups, and placing a working area on one 
side opposite a machine base on the other side. The power 
panel at the end of each aisle is logically the power panel 
for that aisle. 

All of these small details lead to a smooth-working 
efficient laboratory, easier for the student to become 
accustomed to, and less tiring for the instructor. 


Power Distribution. Because considerably more power 
may be involved in large-area laboratories, particularly if 
they are machinery laboratories as shown in Figure 9, 
several distribution panels are desirable. .These panels 
should be arranged dogically with respect to the areas they 
serve to avoid confusion. Figure 9 illustrates a subline 
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plan in which the distribution panel board serves a total of 
eight student work areas. 

Fixed voltage circuits are supplied through suitable 
protective equipment on the main distributing panel. 
Transfer circuits also are provided here, as on and between 
all panel boards for circuit distribution. 


Power Outlets. The student. work area in a power 
machinery laboratory is shown in Figure 8. The power 
panel board is shown on the left of the work area. The 
instrument bench should be approximately two feet wide 
by six feet long. The space at the right of the power panel 
is an instrument connection and control panel. This 
is segregated into modular sections 
adapted to the needs of the particular machine set and 
experiment. The modular sections may be semiperma- 
nently installed, but easily adaptable to changing needs 
as new experiments may require. 

The machine set associated with the student work area 
here appears on the base at the right of the work area. 
Plug and jack arrangements should be completed at the 
left of the control panel and at each end of the work-bench 
frame. Loading resistors, inductors, or capacitors should 
be connected at the left-end panel of this work-bench 
frame. 

Supplementary large capacity switches, rheostats, and 
so forth may be located between the two end panels of the 
work-bench frame. — 


Instrument Rooms. The location of large-area labora- 
tories with respect to student traffic should be considered 
carefully. Rooms may be designed so that two service 
pass doors permit issuance of instruments at one window 
and reception at the other. This is desirable particularly 
where one laboratory period begins and another ends at 
the same time. 


-PSYCHOPHYSIOLOGICAL ASPECTS 


H™ BEINGS react to many stimuli, as do all living 
organisms. Often the human does not react be- 
cause he consciously wills to do so but because the very 
nature of the human body is so developed as to cause him 
to react independently of his own will. In addition to 
purely psychological reactions, the same stimuli often 
produce physiological reactions. 
vironment these psychological and physiological reactions 
can be made to contribute to the well-being and produc- 
tivity of the individual rather than to detract or to yield 
only neutral results. 

Some of the aspects of building design that fall within 
these categories are discussed now. 


Color. Human beings are drawn to light, and one of 
the important aspects of light is color. Color can be 
chosen and controlled by the architect to yield pleasing 


3 


that can be 


By controlling the en-— 


appearance and also to perform functional results simul- | 
taneously. Neutral or receding colors such as soft gray or 
pastel greens and blues should be used for large area 


expanses. 


Warm colors and vivid hues, particularly in ~ 


the reds, yellows, and oranges, may be used in smaller 


areas to provide contrast, life, and direction of attention, as 
in stairwells. 


‘ 
: 
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Appearance Factors. Architects tell us that the high 
window height previously mentioned also produces a 
better balanced exterior because the exterior space from 
ground to first window is better balanced with respect to 
the space from top window to parapet. 

Colored chalkboards blend well with other room decora- 
tion in color and tend to become a part of the room rather 
than something apart as did the grayed, gloomy black- 
board. Contrast from white chalk to the green board is 

not radically different from that to a chalk-impregnated 
blackboard. The psychology of color enters a great deal 
into the feelings of the observer. 

Most buildings require structural columns at 17- to 
22-foot intervals. These columns should be located inside 
the corridor walls, thus giving a pleasing appearance to 
the public areas of the building as in a corridor. 

Drinking fountains and fire extinguishers should be set 
flush with the corridor wall. The smooth appearance 
thus achieved is not only pleasing to the eye but functional 
as well, because traffic flow is not impeded by obstructions. 


Lighting. Modern lighting design strives to achieve a 
good visual environment. Such design must recognize 
the following basic facts: (1) excessive brightness of lighting 
sources and contrast with the surroundings produce glare 
and a poor visual environment, (2) size and position of the 
source are important elements in evaluating lighting 
systems, and (3) the more prolonged and difficult the 
seeing task, the better should be the visual environment. 

Corridor lighting can employ the bare-lamp technique 
inasmuch as the seeing task is rather elementary and 
casual and does not require a very high quality of visual 
environment in so far as brightness patterns are concerned. 
It is possible to employ slimline continuous tube lighting 
for corridor applications. 

The seeing tasks in classrooms and offices are prolonged 
and difficult and consequently require close control of the 
source brightness from the normal angles of view. Fluo- 
rescent 2-lamp units may be suspended slightly from the 
ceiling to yield more uniform ceiling brightness and thus 
improve the visual environment. 

Separate switch control on luminaires on the window 
side of the room permit operation of the inner lamps for 
boosting the illumination there. On dark days all lights 
are needed, on some days only the inner lights are necessary, 
and on bright days with sunshine no artificial lights may 
be needed. 

Office and small-laboratory lighting follow the same 
pattern as classroom lighting, especially if the full use of 
modular window design is to be utilized as the building 
undergoes changes in room arrangements with a lapse of 
time. The lighting, if adapted to the same modular 
dimensions as the windows, permits cross wall changes with 
a minimum of circuit changes and absolutely no luminaire 
changes. A new room arrangement at the most may 
require a new switch circuit. es 

Laboratories that utilize instruments having mirror 
reflectors for checking the elimination of parallax require 
a very uniform ceiling pattern of brightness when viewed 
straight upward. Indirect luminaires or luminous ceiling 


DEcEMBER 1950 


Ryder, Boast—Functional Design of Buildings for Electrical Education 


Figure 8. With this setup power leads can be connected to the 
instruments and from them to the motor and generator through 
transfer plugs 


WINDOWS 


Sr = ae ees 


INSTRUMENT ROOM 


Figure 9. Diagram of a power laboratory arranged for the 
convenience of both the instructor and the student 


systems are required for this application so that the ceiling 
brightness can be made very uniform. 

A systém employing indirect silver-bowl lamps and 
concentric ring louvers for shielding the brightness of the 
neck of the lamp may be used. This type of indirect 
system assures good maintenance; first, because very 
little area is exposed for collection of dust, and second, 
because with each lamp replacement a new indirect 
reflector system is installed. 

Design of buildings for natural lighting is economical and 
very desirable in areas of the nation possessing abundance 
of clear weather. Even in the Midwest, natural lighting 
can be utilized to excellent advantage. Control of window 
brightness is a subject of great importance if a good visual 
environment is to be achieved. 

Prismatic glass block is a method of control that yields 
excellent results for south exposure. A laboratory ap- 
proximately 70 feet deep has been built which, with 
prismatic glass block on the south and very high sky 
exposure windows on the north, obtains at least 50 foot- 
candles at any location on a clear day. Furthermore, a 
very uniform ceiling brightness results because of the light 
directed upward across the room by the glass blocks. 

Venetian blinds of both conventional horizontal slats 
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and special louver styles of both the exterior horizontal 
type and the interior vertical type may be employed for 
rooms where the occupant’s direction of view is established. 


Heating and Ventilation. A heating and ventilation system 
employing a hot-water base-load type controlled by 
exterior thermostats and supplemented by a circulating 
air system with final temperature control by interior 
thermostats is capable of providing excellent temperature 
control as well as comfortable air circulation. The system 
is also capable of air conditioning through the air com- 
ponent system. 

The radiators of the water-component system should be 
installed fairly low on the outside walls to provide radiation 
slightly less than the heat loss of the building. The radia- 
tors consist of fins attached to a pair of circulating water 
pipes. These radiators may be located conveniently just 
below the standard 30-inch table height so that the tops 
of such tables may extend over the radiators slightly. The 
power distribution duct system for small laboratories 
may be located on the wall above the radiators without 


j 
being exposed to excessive temperature because the water 
temperature is not extremely high even for unusually cold 
winter days. 

Furred ceilings in the corridors may be used to good 
advantage for the air ventilating system as well as other ’ 
building services such as power distribution bus ducts and 
so forth. The forced air may be carried in air ducts with 
vents into the rooms on a modular dimension equal to — 
twice the window modular dimension. Return air is ~ 
carried in the open furred space with vents from the rooms — 
in the alternate modular spaces as well as with vents in — 
the ceiling of the corridor to pick up cool air from that — 
location. 


CONCLUSIONS 


WwW building planning is begun well in advance of — 
the architect’s drawings, fine co-operation between 
the architect and the user can be achieved. ‘The results 
are buildings that are highly functional, reasonable in cost, } 
and beautiful to the eye. : 
» 
‘ 
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Motionally Induced Electromotive 
Force—Part II 


The Hall Effect 


Jack, the physicist, is continuing his lecture to Alter Ego 
and his friends explaining the principles of electric motors 
and generators (see Part I, EE, Nov ’50, pp 1025-26). 

Jack: ‘‘As I was saying before Alter Ego interrupted 
me, the electrons in the cross bar of Figure 1 have to move 
with its velocity v in the direction perpendicular to the 
magnetic field, and therefore will have acting on them 
on this account a force 

1 
F=e : [vxB] (1) 
“Since this force is proportional to the charge e, it produces 
the same effect as if there were an electric field acting on it: 


Enor=—[v3B] (2) 
“We'll call E,,, of equation 2 the motional field, or mo- 
tionally induced electric field. If we integrate it from 
one point to another, we’ll call the result the motionally 
induced electromotive force, although if v is not constant 
throughout the material, this integral may depend on the 
path of integration. 

“In a moving metal, then, since not only the regular 
electric field E but also E,,,,; will be acting on the electrons, 
the current density will not be given by Ohm’s law 


(3) 
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where og is the conductivity of the metal, but we will have 
instead 


17 (« + ivsB!) =0(E+Enmot) (4)— 


MM as 


“If we make the current zero, as by opening the circuit of 
Figure 1, then we must have E+E,,,,=0, and E= —E,,9.= 


1 
—-[vxB]. To get the open circuit voltage then, since 
c 


; 
; 
= —gradient V where V is the electrostatic potential, we ~ 
integrate through the wires of Figure 1 from the one open ~ 
end to the other, and get . 
q 

: 


1 
Yom f eden toa 
c 


where / is the length of the slide wire between the two sliding 
contact points. 
“If I close the circuit, the total current J will be given by i 


(6) } 


(5) 


1 
RI =V—V,=V—-vBl 
Cc 
where R is the resistance of the circuit. 


“Multiplying equation 6 by J, we get 


1 1 y 
VI = RP +V,I= RP+-vIBl (7) 
Cc 


where VI is the electrical power input, RJ? is the Joulean 


heat developed, and V,J stern is the mechanical power, 
3 


: 1 : 
since aes is the force which acts per unit length on a 


conductor carrying a current J, and which lies in a per- 
pendicular magnetic field B. But I see that Alter Ego 
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has been trying to ask a question. What is it, Alter Ego?” 

Alter Ego: “This v in your equations is the velocity of 
the electrons in the magnetic field, which you produced 
by moving the slide bar, but there are other ways of giving 
electrons velocity. For example, in a piece of metal, at 
rest, if I send current in it, ’ll have 


i=nev or v=i/ne (8) 


where n is the density of electrons in the metal. 

“Now, if I put this metal carrying current in a magnetic 
field, even though the metal is at rest, the electrons are 
moving, and I’ll get a motional field 


4h 1 
Enot =— [vx B] =— [ixB] (9) 
¢ ene 


Is that right?” 

Jack: ‘Well, we do not usually call it a motional field, 
but what you have done is to independently discover the 
Hall Effect. Not only that but you have even given a 
formula for the Hall Effect coefficient, 1/cne, which is just 
about right. That is wonderful, Alter Ego!’ 

Alter Ego: “I don’t know how big n is, but at least I 
know it is positive, and ¢ is positive, and e¢ is negative, so 
I can be very sure that the Hall Effect coefficient is always 
negative, isn’t that right, Dr. Jack?” 

Jack: ‘“‘Well no, some metals, zinc, cadmium, and lead, 
for example, have Hall Effect coefficients of the opposite 
sign.” 

Alter Ego: ‘‘Gosh! Then the electrons in these metals 
have a positive charge?” 

Jack: ‘“‘No. You see, the electrons in the metal are 
not quite as simple as I made out. ‘They are really wave 
functions in the periodic lattice potential and because 
they are degenerate, they satisfy Fermi-Dirac statistics, 
and lie in the bottom portion of a band of allowed energy 
levels. Some of the electrons get pushed into the upper 
energy levels and leave holes in the assembly of electrons in 
the lower levels, and these holes act like electrons with 
positive charge.” 

Alter Ego: ‘“‘Double gosh! 


1 
like —[vxB] acting on a hole?” 
C 


Jack, weakly: ‘‘Yes.” 

Alter Ego: ‘“‘Well, anyway, since you told me the Lorentz 
force formula is all right, I can be sure that the Hall Effect 
is proportional to B, isn’t that right?” 

Jack: ‘‘Well, no. The. Hall Effect in the magnetic 
metals is not proportional to either B or H. The Hall 
Effect is quite complicated in these metals.” 

Alter Ego: “Then, when calculating the motional 
electromotive force of a conductor moving in a magnetic 
field, like in the slide-wire experiment, you say that the 
electrons are small bodies with charge e, moving in the 


Then you can have a force 


t . 1 
Maxwell field B, subject to the Lorentz force, nls 


thus giving the motionally induced electric field E,,..= 


sh vxBI, which is the same for all metals; but when I move 
¢ 


the electrons in the stationary metal to calculate the Alter 
Ego Effect, also known as the Hall Effect, then you say 
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the electrons become waves, or holes, their charge is no 
longer the negative number ¢, they no longer move in 
Maxwell’s B or even H, so they certainly can’t have acting 


on them the Lorentz force, ey [vxB]. I am confused.” 
c 


Jack: “I am a bit confused, too. I-knew that the 
simplified electron theory I gave you was wrong, but at 
least you would understand it. Instead I should have 
given you the true theory, which you could not possibly 
understand.” 


(To be continued.) 


There are several questions to be asked: 1. Should 
Jack have appealed to electron theory at all? 2. Did 
Jack present the simple Lorentz picture correctly? 3. Is 
there not some more general macroscopic principle or 
theory that Jack might have appealed to rather than the 
electron theory of the microstructure of matter? 


J. SLEPIAN (F ’27) 
(Westinghouse Research Laboratories, East Pittsburgh, Pa.) 


A Repulsion Motor Problem 


The operation of a repulsion motor depends on the fact 
that a copper ring moves out of an alternating magnetic 
field or turns until the plane of the ring is parallel to the 
lines of force (Thomson’s experiment). 

In practice, the switching devices of these motors (com- 
mutator, brushes, wound armature and its attendance) 


Figure 1. Forces 
of repulsion in 
an inclined 

copper ring 
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often are sources of trouble. To overcome these. insuffi- 
ciencies and to spare materials for construction, I tried to 
design an armature system that meets all requirements of a 
repulsion motor but lacks the ordinary-type armature 
parts. 

A copper ring that is inclined 45 degrees to its direction 
of motion will not get its maximum repulsion directly 
above the field magnets but displaced sideways from them. 
Figure 1 shows the force distribution as a function of the 
ring position. A lever device is provided to select the 
direction of torque by turning the plane of the ring from 
one end position to the other (+45 degrees to — 45 degrees). 

The magnetic lines of force form a closed path. Figure 
2 represents the magnetic flux reaching from pole piece A 
through the air gap into the armature core, where it splits 
into two parts. At pole pieces B and C the magnetic flux 
will cross the air gap again and close the path through the 
yoke. 

Referring to Figure 2, it is easy to see what will happen 
when Maxwell’s corkscrew rule and the induction laws are 
applied to the system to determine the induced currents in 
the rings and to make conclusions about the mechanical 
forces arising from these induced currents. The parallelo- 
gram of forces applied in Figure 1 shows distinctly a hori- 
zontal component whose magnitude and direction depend 
on the angle of inclination of the ring. Since there is no 
other possibility for the ring to move out of the magnetic 
field, it tries to reach the position with the smallest number 
of magnetic lines of force inducing ring currents. 

The shaded coils on the pole pieces serve only for mag- 
netic valves. Their task is to facilitate the traversing of 
the ring in its maximum repulsion position (see Figure 
L): 

Theoretically the repulsion motor problem seems to 
be solved, but a model of the device was built and it did 
not run. 

Who can give me an explanation of why the model 
repulsion motor did not work? 


R. J. GERHARZ 
(Institute of Technology, Darmstadt, Germany) 
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Figure 2. Path of the 
magnetic flux in a 
single-phase repulsion 
motor design 
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Answers to Previous Essays 


Motionally Induced Electromotive Force—Part I. ‘The fol- 
lowing is the author’s answer to his previously published 
essay (EE, Nov ’50, pp 1025-26). 

No, I do not think Jack answered Alter Ego’s question 
properly. Alter Ego also made some incorrect statements 
in his question. 

Let us settle Alter Ego first. Alter Ego said that in a 
small lozenge-shaped hole in a body, the component of 
the electric field E,* in the hole normal to the lozenge- 
faces is D, and the component parallel to the faces, E,*, 
is equal to E, where E and D are the two Maxwellian 
electric fields in the body. He also asserted similarly 
that H,*=B, and H,*=H,. ‘These statements are true 
for a body at rest, but not for a body in motion (EE, Noo 
50, pp 1025-26). 

For a body in motion, we continue to have as defining 
H and B 


D,=E,,* 


a 
_ 
I 


B,= H,* (2) 


These two equations ensure that Maxwell’s equations 
concerning div D and div B will hold in all empty space, 
even in empty space crevices in stationary or moving 
bodies. 


For moving bodies, however, to-define E and H we have 


1 1 
E, +-(vxB],=E,*+—[vxH"], (3) 
c 


H,—~ [vsD]y= H,*—~ [vxE*]. (4) 

These equations ensure that Maxwell’s equations con- 
cerning curl E and curl H will hold in all empty space, 
including crevices in matter moving with velocity v. 
(See, for example, reference 1, and later essays in which I 
hope to develop this subject.) Equations 3 and 4 serve 
to define E and H within the moving matter. 

Applying these relations to Alter Ego’s lozenge shaped 
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¢ ee ; ceed 


ee 


holes, we have for his three orientations, assuming B is 
parallel to H, and D is parallel to E: 
Faces perpendicular to magnetic field 


E*=E, H*=B, and =e(E+ “tvs ) (5) 
5 ) 
Faces perpendicular to electric field 
E*=D, H*=H, and r=(D+! ivan) (6) 
¢ 


Faces perpendicular to velocity 
4 v ve 
= | E+ -|B— Hy] —— 
1 sat a =) 


H*= 


eS Pe ee ee 
1—v?2/2 ¢ ae 


F=e E+-[vxB] (7) 
¢€ 


so that Alter Ego’s equation 5 was wrong. 

Now turning to Jack, the physicist, I must first criticize 
him for referring to electron theory at all, in developing 
electromagnetism in moving matter as applied to the 
electric motor. Electric motors were running before the 
electron was discovered, and they have continued to run 
quite undisturbed as the electron changed from the charged 
ordinary Newtonian particle of J. J. Thomson and Lorentz 
to the quantum-mechanical complex probability-density 
wave-function, with Fermi-Dirac statistics, and negative 
energy states, of today. We should have and do have an 
electromagnetism of macroscopic bodies, with concepts 
defined by operations on macroscopic bodies, and sufficient 
for the electric motor, and independent, of the current 
theory of the electron and the microphysics of matter. 

If we know the electric and magnetic fields in empty 
space adjacent to bodies and in crevices in bodies, and if 
Maxwell’s equations hold in this empty space, then equa- 
tions 1, 2, 3, and 4 will define vectors D, B, E, and H at 
points inside matter, and Maxwell’s equations will hold 
for these vectors with p defined by 4rp=div D, and with 

defined by Fite ) =curl H. 

C Ar Ot 

We then look for ‘constitutive relations between these 
field quantities which depend only on the nature of the 
material involved, but now, along with pressure, tempera- 
ture, and so forth, which are parameters defining the nature 
of the material, we must include the velocity v. Thus we 
may find that experiment verifies the relation 


imo( E+” ) (8) 


for metals for which at rest, i=cE. Then equation 8 is 
a constitutive equation for such metals in motion. But 
enough of this for now. There will be more another time. 

Let us consider Jack the physicist’s argument based on 
the Lorentz theory of the electrical structure of matter. 
Let us accept Lorentz’s postulate that matter is made of 


charged particles, electrons and ions, which behave like 
charged macroscopic small bodies, having definite position. 


in space and time, producing electric and magnetic fields, 
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and being acted upon by nonelectrical or mechanical 
forces as well as the forces of the electric and magnetic 
field, even though it is now well known that the individual 
electrons and ions do not behave at all like macroscopic 
small charged bodies. 

Then under these conditions, Lorentz showed that for a 
medium, at rest, the average of the microscopic electric 
fields over an extended region would be the Maxwell field 
E, and the average of the microscopic magnetic fields would 
be Maxwell’s B. But is this true also for a medium in 
motion? The moving electrons and ions will produce 
different microscopic fields than when they are at rest, 
and it is not at all clear these fields will continue to average 
to Maxwell’s E and B. 

More serious than this, however, is the question as to 
whether the electron is to be regarded as in the average 
fields E and B. The electrons are not scattered through 
the metal completely at random. They will tend to favor 
some interatomic regions and avoid others. Thus the 
average field that an electron finds itself in is not the same 
as the average field throughout a whole region, and 
therefore the electron cannot be said to be in either Max- 
well’s E field or Maxwell’s B field. 

The reasoning of Jack, the physicist, was not sound. 
Alter Ego’s question, ‘‘What is the shape of the holes the 
electrons move in?’ has not been answered. 
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J. SLEPIAN (F ’27) 
(Westinghouse Research Laboratories, East Pittsburgh, Pa.) 


Switching Gravity On and Off. The following is the author’s 
answer to his previously published essay (EE, Nov °50, p 
1026). 

The scientist was the famous physicist, Dr. Max 
Steenbeck, of the Siemens Schuckert Company, in Berlin. 

Dr. Steenbeck placed the arc, together with a movie 
camera, inside a box, and, with proper flexible leads for 
power and oscillographic recording, tossed the box upward 
to a height of about ten feet, letting it fall freely back again. 
With respect to co-ordinate axes moving with the box, 
during the free flight, there was no gravitational field. 
Thus within the box, gravity was turned off at the beginning 
of the flight, and turned on again at the end. 

Dr. Steenbeck describes the interesting results he ob- 
tained in a paper.! In this paper, Dr. Steenbeck refers to 
a similar experiment made with respect to a candle by H. 
Lorenz of Bonn, Germany. 

Professor Lorenz, in his paper,? states that he saw Pro- 
fessor. W. Gerlach of the University of Munich perform a 
similar experiment in a lecture demonstration in 1932. 
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Stability of Voltage Regulators 


F.E.BOTHWELL 


MEMBER AIEE 


HE PRESENCE in many voltage regulator circuits of 
4 Pay ee control elements has prevented a complete 
mathematical treatment of the subject. However, Lia- 
pounoff’s theory? of the stability of dynamic systems affords 
a solution to the problem of stability of electric circuits sub- 
jected to small displacements from equilibrium. 

Liapounoff has shown that stability of the continuous 
periodic solutions of a set of nonlinear differential equations 
is determined by the stability of its linear perturbation 
equations. For example, let (i, V) indicate the nonlinear 
voltage developed across the generalized control element C 


Figure 1. 


Voltage regulated n-stage d-c generator 


in the n-stage d-c generator of Figure 1. The characteristic 
equation of the set of perturbation equations of the system is 


Cretan) rn ta) 


in which f,, and f, are the partial derivatives of the control 
voltage function, evaluated at the equilibrium point, and 
K=K)k\. ..K,, is the open-loop gain of the complete circuit. 
Stability of the voltage regulator is decided by the roots of 
the characteristic equation. 

A common type of control element is the step resistor, the 
resistance value of which is varied in steps by the generator 
output voltage. The essential features of its stability in 
connection with Figure 1 may be observed by assuming 
that the resistance varies linearly and continuously with 
control voltage when the latter exceeds a critical value V,; 
that is, 


R,=0 
R,=K,(Ri/V.)(V— V.) 


if V<V, 
if V>V, 


The dimensionless constant K,, the slope of the control- 
resistance-control-voltage characteristic when the former is 
measured in units of R; and the latter in units of V., plays an 
important role in the stability of the ciruit. In fact, by 
means of the Routh-Hurwitz stability criterion,? it is readily 


Digest of paper 50-231, “Stability of Voltage Regulators,”? recommended by the AIEE 
Committee on F eedback Control Systems and approved by the AIEE Technical Program 
Committee for presentation at the AIEE Fall General Meeting, Oklahoma City, Okla., 


aay 23-27, 1950. Scheduled for publication in AIEE Transactions, volume 69, 
950 


F. E. Bothwell is with the University of Chicago, Chicago, Ill. 


1090 


Bothwell—Stability of Voltage Regulators 


shown that, for n=3, if K,<1, the system is always stable 
regardless of gain, whereas if K,>1, the stability boundary 


is given by the expression 
[svi Fa-t)tartas | 143 (VWi+ai- (e+ +2)]- Vite 


where 
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This boundary is a surface shown in contour form in Figure ~ 


2. The region of instability lies inside the mound enclosed . 


| 


Figure 2. Stability boundary 
for a controlled resistance as — 
control element 


as 
\ aes 
| 
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by the surface and the co-ordinate plane a;=0. Stability — 
may be insured by raising the total gain K. For the sta- — 
bility boundaries of the linear control element and of the 

nonlinear controlled resistance element, the variable on isin 
each case proportional to the circuit loop gain. 
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Terminal Risers for Impregnated Paper Cables 
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ee ae DIFFERENCES of opinion and cor- 
responding differences in practice exist about the safe 
height for vertical terminations of solid-type paper-insulated 
cables. The limitations are vacuum formation at the top 
of well-sealed risers, leads stretching at their base, and 
moisture effects if the potheads are not hermetically sealed. 

The problem is to maintain intact a group of parallel 
capillary columns of viscous oil. These columns lie in 
the interstitial edge spaces of paper and metallic tapes, 
interstrand spaces of conductors, spaces in the fillers, flat 
spaces between tapes, and between the fibers of paper. 

The information at the disposal of the Committee making 
this investigation was vague and contradictory, and a 
schedule of at least 17 items was required to define a riser 
installation properly. Practically none of the data avail- 
able was so specified. 

The principal forces at play in an unloaded or lightly 
loaded cable are the weight of the oil column and the 
hoop stress in the lead which opposes it. ‘The hoop stress 
is proportional to the difference between the compressive 
stress due to the atmosphere and the tension due to the 
oil column. ‘These are equal when the oil column is about 
35 feet high, and for greater heights the hoop stress is a 
tension corresponding to the excess of the height over 
35 feet. As a normal sheath of copper-bearing lead is 
able to carry a hoop stress corresponding to an internal 
gauge pressure of about one atmosphere, such a sheath, 
under ideal conditions, should be able to support a riser 
of 70 feet, and there are cases where this has been done. 

Experience has shown that absolute gas tightness of 
potheads cannot be#relied upon, especially in installations 
involving a large number of potheads on pole risers, and 
it is, therefore, customary to assume the possibility of slow 
leaks and to design accordingly. On this basis, the critical 
height of a riser equals 5PT/D. In a relationship such as 
this, P is the permissible hoop stress, usually taken as 
125 pounds per square inch for plain lead, 150 pounds per 
square inch for copper-bearing lead, and 175 pounds per 
square inch for arsenic-alloy lead; TJ is the thickness of 
sheath in inches; and D is the internal diameter of sheath 
in inches. 

A loaded cable has transient expansion pressure super- 
imposed on the slow build-up of gravity head pressure, 
and if the total pressure exceeds the creep strength of the 
sheath, stretching will occur and will be cumulative unless 
this condition is relieved. 

For heights above the critical, or where loading adds 
appreciably to the pressure, six practices have been used: 


1. The pothead is filled with a highly viscous oil which 
has such high adhesion or surface tension that it prevents 
vacuum formation above the critical height while adding 


little to the head of oil. 
2. The sheath is reinforced by bronze tapes or other 
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material which is suitable in order to prevent stretching. 
3. Oil migration between sheath and underlying layer 
is prevented by the use of clamps, with rubber cushions if 
the supports are liable to vibration. 
4. A reservoir of oil is placed at the top of the riser 


_ and a receiving reservoir at the bottom of the riser so that 


a continuous drip of oil occurs. 

5. A reservoir of nitrogen is placed at the top and an 
oil-receiving reservoir at the bottom of the riser, virtually 
converting the riser into a low-pressure gas-filled cable. 

6. Cable is impregnated with a viscous stringy com- 
pound and operated at a temperature below that at which 
these characteristics are lost. 


In connection with any of these expedients, a semistop 
joint is sometimes used near the base of a riser. A practical 
construction has blocked connectors covered with oil silk, 
sealed with oil-insoluble compound such as Harvel, Oil- 
Stop, Vinson Resin, or Minerallac and castor oil, varnished 
cambric insulating tape, and complete shielding. Where 
a reservoir is to be attached, a fluid oil compound is used; 
otherwise, an oil-insoluble solid-type compound. 

The committee invites discussions giving, as far as 
possible, the following data: 


1. Height of riser from base of pothead to lowest part 
of cable. 
2. Distance (along cable) from base of riser to nearest 
joint. 
3. Description of cable. 
Conductor compact or uncrushed. 
Number and size of conductors. 
Thickness of individual tapes. 
Total thickness of insulation. 
Shielded or belted. 
Type of binder tape. 
Thickness of lead. 
Cable diameter under lead. 
Viscosity of impregnant over operating range or 
year and name of maker. 
J. Reinforcement, if any, over sheath. 
Type of supporting clamp, if any. 
Range of ambient temperature. 
Range of load. 
Type of pothead and opinion of its gas tightness. 
Type of pothead compound, 
Pertinent conditions noted. 
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Field Testing a Microwave Channel 
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OMMUNICATION CHANNELS, for transmitting 

the various types of intelligence necessary for opera- 

tion of a power system, are becoming increasingly 
important to’ the utility industry because of the trend 
toward centralized system control. Pilot-wire and power- 
line carrier channels are already widely used to accom- 
modate the many items of information necessary for 
efficient system operation. Microwave channels are the 
most recent addition to the means of communication avail- 
able for this purpose. 

A microwave channel! is a beamed high-frequency 
radio communication medium 
which can be _ used _ to 
transmit from point to point 
the intelligence required in 
the normal operation of a 
power system. Relaying, tele- 
metering, supervisory control, 
and voice communication are 
some of the functions which 
can use such achannel. The 
large number of items of in- 
formation which can be transmitted simultaneously over 
a microwave channel makes it. particularly valuable 
at locations where communication traffic is heavy. 

It is the purpose of this article to describe an experi- 
mental installation of a microwave channel and terminal 
equipment which accommodates simultaneously three voice 
conversations, two different types of protective relaying, 
two telemetered quantities, and supervisory control of 
eight points. A feature of considerable interest on this 
installation is the use of a reflector to provide a continuous 
path for the microwave beam between the terminal sta- 
tions, where line-of-sight was not available. The use of 
the reflector eliminated the need for 21/, miles of cable 
originally planned to connect one of the terminal stations 
to a point where line-of-sight to the other station was 
possible. 

The installation is on the system of the Pennsylvania 
Electric Company and ties together the main generating 
plant at Seward and the operating headquarters at Johns- 
town, Pa. A joint test program. has. been carried out 
during the past year by the Pennsylvania Electric Com- 
pany and the Westinghouse Electric Corporation. 

The Seward generating plant is the terminus for power- 
line carrier communications, telemetering, and super- 
visory control equipment for the entire power system. The 
efficient operation of the system depends on adequate and 
reliable communication facilities between the system 
operator in Johnstown, approximately 12 miles distant, 
and the Seward plant. The use of wire lines in the past 
has not been satisfactory because of outages and inferior 


was not available. 
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In order to provide a continuous path for the 
microwave installation between the Seward 
generating plant and the Johnstown plant of 
the Pennsylvania Electric Company’s system, 
a reflector installation was used as line-of-sight 
This article describes the 
microwave channel and the terminal equipment. 
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service caused by extreme conditions, such as landslides, — 
icing, automobile accidents, and gunshots. ; 
The problem, therefore, was to prove that microwave — 
and audio multiplex equipment provide a reliable channel 
which is suitable for voice communications, telemetering, 
supervisory control, and relaying. It was decided that 
three 2-way telephone circuits, two 1-way telemetering — 
circuits, one 2-way supervisory control circuit, and two 
relaying circuits would be provided for in the tests. $ 
A block diagram of the equipment located at each 
terminal is shown in Figure 1. The microwave equipment — 
and audio multiplex equip-— 
ment are suitable for trans- 
mitting four voice-frequency — 
channels in each direction. — 
Three of these channels are 
used for the telephone circuits — 
and the fourth circuit has a~ 
number of tones applied to~ 
it which are keyed to per-— 
form the other functions. 
The microwave equipment 
and audio multiplex equipment provide the means for 
the simultaneous handling of the “circuits required by 
the various functions being used in the field tests. The 
microwave transmitters and receivers with the associated 
antennas and the reflector provide a radio beam capable 
of modulation over'a band of about 30 kc. ¥ 
The multiplex equipment divides this broad band 
into several narrow bands by a system’of frequency division. — 
Each of these narrow bands can be used as a separate 
communication circuit and-all can be used simultaneously. — 
The equipment provides four such bands, but is capable 
of being extended to seven. 
subdivided by the use of audio-frequency tones to handle 
telegraphic types of service. The microwave and multiplex 
equipment is described in more detail in reference 2. 4 
The directional-comparison-distance type*4 and the 
phase-comparison type of “carrier” relaying are both used 
in this installation. The distance-type relays are connected 
to protect one of a pair of parallel 25-kv lines between 
Seward generating Station and Broad Street substation, 
and the phase-comparison relays are connected to protect 
the other. The Broad Street substation is located remote 
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from the microwave equipment; therefore, the control 
circuits between the relays and the multiplex equipment 
are carried on underground control wires. In each case 
the signals required by the relaying system are transmitted 
and received on audio tones operating in conjunction 
with one of the subcarriers in the audio multiplex equip- 
ment, with the subcarriers in turn operating the microwave 
transmitter—receiver. 

The units involved for the directional-comparison-dis- 
tance type of carrier relaying are shown in block diagram 
form in Figure 2. In this case the audio tone is trans- 
mitted continuously during normal power system condi- 
tions, thereby providing continuous restraint on the re- 
ceiver relay. The phase and ground relays are arranged 
to stop the tone transmission on the occurrence of an internal 
fault. This is the equivalent of a “continuous” carrier 
scheme as contrasted with the “‘intermittent”’ carrier scheme 
used. in conventional carrier-relaying applications. A 
means of continuous supervision of the channel for trans- 
mitting signals required by the relays is provided by this 
method of operation. The transmission of a continuous 
signal also eliminates the necessity for the relays to start 
a blocking signal on external faults, and therefore, it is not 
necessary to set the third zone of the distance relays to 
“look out” of the protected line section as required of an 
intermittent carrier scheme. Loss of the blocking signal 
under normal system conditions would not result in an 
incorrect tripout, as the phase and ground relays supervise 
tripping, and would not operate unless a fault existed on 
the system within their setting range. Back-up tripping 
for phase faults is included in the phase relays. Back-up 
ground relays were not provided for the test. 

The phase-comparison system of relaying,’ when used 
over a microwave channel, is shown in the block diagram 
of Figure 3. The signals required by this relaying system 
are also handled on an audio tone. Since this is an inter- 
mittent carrier system, signals are transmitted only when a 
fault occurs on the power system. In addition, the blocks 
of “carrier” required for operation of this system must 
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Figure 1 (right). Block 
diagram of the micro- 
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voltage of the relay. 


be transmitted at the power frequency. To accommodate 
this keying speed, a 2,900-cycle tone is used, and the control 
of this tone by the relays is through an isolating amplifier. 
Use of this relatively low frequency to carry the relaying 
signals resulted in a phase shift of about 55 degrees (60-cycle 
basis) in the received blocking signal and required the use 
of a delay filter in the circuit controlling the operating 
In other words, on an external 
fault, the half-cycle block of “‘carrier” initiated at one end 
of the protected line to block the opposite end from tripping, 
after going through the receiving equipment, would be 
55 degrees behind the half-cycle block of operating energy 
and would depend on the phase position of the fault cur- 
rents. This 55-degree shift could result in an incorrect 
operation on either. an internal or an external fault. 

Proper co-ordination of the relays for both the directional- 
comparison and phase-comparison systems using audio 
tones as the means of transmitting the necessary intelligence 
has been thoroughly checked on an artificial transmission 
line in the laboratory. Confirmation of these results is 
expected in the field experience which will be gained from 
this installation. Staged fault tests are being planned to 
check the performance of the relaying equipments. 

Impulse-rate-type (frequency) telemetering®’ of two 
kinds is used in the trial installation. The impulse-rate- 
type telemeter operating over a range of 40 to 200 impulses 
per minute is one kind, and an experimental electronic 
impulse-rate (or frequency) system operating over a range 
of from 600 to 1,200 impulses per minute (10 to 20 cycles 
per second) is the other kind. As shown in Figure 1, the 
former is operating over a 560-cycle audio-tone channel, 
and the latter over a 1,080-cycle channel. The telemeter- 
ing transmitters key the audio-tone transmitters, and the 
telemetering receivers are fed from the audio-tone receivers. 
Both transmitters are located at Seward generating station 
and the receivers are at Johnstown. 

Two types of supervisory control systems*- are used in 
this trial installation. One is the standard Visicode system 
and the other is the revertive-pulse type as described in 
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Figure 2 (above). Block diagram of system re- 
quired by a directional-comparison-distance type 
of carrier relaying over a microwave channel 
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reference 13. Both are all-relay systems which provide 
for the control of any required number of individual pieces 
of equipment. The relays originate and receive impulses 
in coded groups to select the equipment to be controlled, 
to perform the operation, and to provide an indication that 
the operation has taken place. Indications are provided 
also in the event of automatic operation of equipment. 

An 8-point supervisory control assembly is used to control 
six 25-kv circuit breakers at Seward and to provide tele- 
metering of alternating voltage and current from Seward 
to the dispatcher’s office. Figure 1 shows that the super- 
visory control equipment operates over 1,500- and 2,085- 
cycle audio-tone channels. In general, any tone frequency 
within the audio spectrum may be used. However, the 
speed of pulsing may make some frequencies at the lower 
end of the band undesirable. 

Supervisory control has previously been used in con- 
junction with microwave equipment on an experimental 
installation made in 1943 on a frequency of 530 mega- 
cycles.? In this installation direct keying of the high 
frequency was used, as contrasted with the use of an 
audio-tone channel working through audio multiplex 
equipment in the present installation. 

The selection of antenna sites required considerable 
study, since microwave equipment requires a line-of-sight 
transmission path from the transmitting antenna to the 
receiving antenna. In addition, in order to eliminate 
serious fading, the line-of-sight path should clear all 
obstacles by at least 50 feet. The topography between 
Johnstown and Seward showed that the line-of-sight path 
between the system operations office and the Seward plant 
goes about 1,000 feet underground. ‘This ruled out the 
use of a direct path between the two points. Study of 
the terrain and charts indicated that a line-of-sight path 
did exist from a 200-foot tower at the Hilltop substation 
near Johnstown (Figure 4) to a property at Armagh which 
was about 2.5 miles from the Seward plant. Further 
investigation of maps and terrain located a relatively 
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Figure 3. Block diagram of the components to obtain the 
communication facilities required by a phase-comparison type 
of carrier relaying over a microwave channel. This is an 
intermittent system with the relaying intelligence being carried 
over a 2,900-cycle audio-tone channel 
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Figure 4 (left). The 200-foot-high © 
frequency-modulated — transmitting 
tower at Hilltop Substation, showing 
the microwave transmitting and re- 
ceiving antennas mounted about 
three-fourths of the way up 


Figure 5 (above). Comparison of the 
measured and calculated path at- 
tenuation between Armagh and Hill- 
top. The distance is 11.3 miles, 
frequency is 955.5 megacycles, and 
antenna gain is 58. Levels above 
zero line represent lower losses than 
calculated 


inaccessible knoll which had line-of-sight paths to both | 
Hilltop and the Seward plant. A repeater station located 
at this point would have satisfactory path clearance to 
both terminals. However, the lack of an available source 
of power, and inaccessibility of this location in bad weather, 
led to the consideration of a reflector instead of an electronic 
repeater. Since there was no previous information avail- 
able upon which to base a decision as to the practicability 
of the reflector, a mathematical analysis and field test 
program were laid out to prove the application. 

The free space transmission loss of microwave energy 
over a given path can be calculated from formulas! derived 
to determine the maximum range over which a signal of a 
certain strength could be received from a transmitter of a 
given power. For convenience these formulas have been 
rearranged as follows: 


Free space transmission = 10 logio Er decibels a 
Where 
Pr 4rRo \? ; 
2. \7==. (2) 
R G7Gp Xr 
and 
4A cst 
laa Cs | (3) 


ELECTRICAL ENGINEERING 


Where transmitting and receiving antennas are identical, 
equation 2 reduces to 


Pr (4rRo\" 
me) 
where P,= transmitter power in watts, P,=received power 
in watts, Ro=distance between antennas in meters, G,= 
gain of transmitting antenna, G,=gain of receiving an- 
tenna, A=wave length in meters, G=antenna gain, and 
A.=approximately one-half of the projected area of the 
antenna‘in square meters. 

The total loss between a transmitter output and a receiver 


input includes other factors in addition to the free-space 
transmission loss. In planning an application, allowance 


must be made for fading and transmission-line (in this case’ 


coaxial cable) losses between the equipment and the 
antennas. 

The amount of fading that can be expected is a function 
not only of the amount of clearance obtained along the 
transmission path, but also of the weather. Fading is 
most severe during the summer months. Based on data 
previously taken,'4 a fading-loss figure of one-half decibel 
per mile is used for planning 940- to 960-megacycle in- 
stallations, and this much fading is expected to occur only 
one per cent of the time. Transmission-line (coaxial cable 
or the equivalent) loss depends on the type of transmission 
line and its length. The total loss for a given installation 
can be predicted by adding the free-space transmission 
loss, the fading loss, and the transmission-line loss, 

As an example, assume two 950-megacycle equipments 
with 42-inch diameter antennas located 20 miles apart, 
having a line-of-sight path with 50-foot clearance over all 
obstacles, 100 feet of transmission line at each terminal 
using RG-77/U coaxial cable. The following maximum 
attenuation would exist: 


87.1 decibels 
10.0 decibels 
8.0 decibels 


Free space transmission loss 
Fading loss (20 miles by 1/2 decibel per mile) = 
Transmission-line loss 


105.1 decibels 


These losses can be decreased by any or all of the follow- 
ing: increasing the size of antennas, using lower-loss trans- 
mission line, and mounting the equipment closer to the 
antennas. Where the loss between two terminals exceeds 
the permissible ratio between transmitter power output 
and minimum receiver input power, the transmitter output 
power can be increased or repeater stations installed. 
Where no line-of-sight path exists, reflectors can be used 
if the additional loss caused by the reflection does not 
increase the path loss beyond the maximum permissible 
attentuation for the equipment being used. 

The increase in path transmission loss caused by the use 
of reflectors can also be calculated. In making calculations 
involving the use of reflectors, it is assumed that a plane 
reflector acts in the same manner as two parabolic antennas 
having areas equivalent to the projected area of the re- 
flector in the two directions. The path loss can then be 
calculated by applying equation 2 twice: first, between 
the transmitter and the reflector to determine the equivalent 
amount of energy received at the reflector; and second, 
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between the reflector and the receiver assuming that the 
reflector acts as a transmitter. 

For a single reflector, equation 2 can be expanded to 
give directly the ratio of transmitter power to receiver 
input power 


167?RiR2 ) 


Pr 
Pr ( V GiG2G:G; ? 


where Ri=distance from transmitter to reflector in meters, 
R,= distance from reflector to receiver in meters, G;= gain 
of transmitting antenna, G,=equivalent gain of reflector 
in direction of transmitter, G;=equivalent gain of reflector 
in direction of receiver, Gs=gain of receiving antenna, 
and \=wave length in meters. 

The preceding equations were used to calculate the 
expected loss with reflector between Hilltop and Seward. 
From equation 5 the loss was calculated to be 115 decibels. 
This corresponds to the zero levels shown in Figure 5. 
The calculations also showed that a 20-foot square reflector 
would be required to meet this figure of 115 decibels. This 
would provide adequate margin of safety over the per- 
missible path loss of 125 decibels with the type of micro- 


(5) 


Figure 6. The temporary reflector at Armagh used to check 


the calculations. The dish antenna on the left-hand pole was 

used in obtaining the data for Figure 5. The garage partially 

visible at the left was used to house the terminal equipment, and 

a temporary power line was constructed to supply the power for 
the equipment 


wave equipment being used. However, before proceeding 
with a permanent installation of a reflector, it was decided 
that a test program would be carried out to determine the 
variation in signal strength at the reflector location and to 
try out a temporary reflector 20 feet square to check the 
calculations. 

A microwave transmitter-receiver assembly was installed 
at Hilltop substation and another at Armagh with recording 
voltmeters indicating received signal strength at Hilltop. 
Continuous recordings of field strength were made for a 
6-week period. These data were converted into terms of 
the total attenuation between transmitter output and 
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receiver input and an analysis was made by taking readings 
once an hour for the period. 

A comparison between the measured data and the 
transmission loss calculated from the given formulas was 
made using measured values for coaxial cable losses. ‘The 
following conclusions were reached: 


1. That the measured path attenuation did not exceed 
the calculated data for more than 0.99 per cent of the 
hours during which data were taken. These calculated 
data included an allowance for fading of one-half decibel 
per mile of path. 

2. That the measured path attenuation did not exceed 
the calculated data for more than 3.87 per cent of the time 
if no allowance for fading is made in the calculated data. 

3. That although the maximum attenuation figures 


Figure 7. The per- 
manent reflector. 
This is a rear view 
of the reflector look- 
ing toward the Hilltop 
substation 


were not greater than would be expected from the calcula- 
tions, the minimum attentuation figures were considerably 
less than would be expected. 


The signal strength was found to vary considerably 
during a day. A plot of the hourly variation for several 
typical days during the test period is shown in Figure 8. 
The average level at the receiver was considerably greater 
than expected and fading about this average level was also 
greater than expected. The wide variations due to fading 
were attributed to multipath transmission of signals to the 
receiver, with alternate cancellation and reinforcement, 
possibly due to the terrain as the several signals went in 
and out of phase. 

Based on the measured data it appeared feasible to use 
a reflector in order to get the signal to the Seward gener- 
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. sight path to both Hilltop and Seward. . The tower sup- 
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ating plant, providing 6-foot diameter antennas were used 
at each terminal. 

The first step in the reflector test program was to install 
a receiver and a 42-inch receiving antenna at Seward to 
determine if a signal reflected from natural surfaces was 
being received from Hilltop. In a series of tests made over 
a 2-day period, no measurable signal was received from 
any direction or at any polarization. Next, a signal was 
transmitted from the Armagh transmitter and the signal 
level was checked at Seward. The measured loss was 
quite high indicating that line-of-sight did not exist, even 
though a study of the topographical maps had showed clear 
line-of-sight. It was decided, however, to install the 
temporary reflector, Figure 6, at Armagh and check the 


—p ae de 


‘reflected signal level at.two points on the highway. where 


line-of-sight to the reflector could be obtained. This 
necessitated mounting the receiving equipment in a light — 
truck equipped with a motor generator set so that readings 
could be taken at the.side of the highway. The following 
results were: obtained: 


1. The measured beam width of the energy reflected 
from the screen was 2.4 degrees. 

2. The total measured path attentuation to a point 
2.75 miles away from the reflector (total path 14.05 miles) 
was approximately 115 decibels which is ten decibels less 
than the maximum permissible with type-FB equipment. [ 

3. Additional tests were made at a point 3.75 miles ; 
from the reflector where the maximum attentuation was ~ 
approximately 133 decibels. Under these conditions, 
voice communication over the circuit was very good, with ; 
slight noise in the background. 


q 


decided to install a permanent reflector made of per- 
forated 
Figure 7. 


sheet aluminum. This reflector is shown in 


; . 
Based on the previous calculations and field data, it was | 
It is mounted in a different location than the 


temporary reflector of Figure 6, and has a clear line-of- : 


«= 


port is 60 feet high and the center of the 20-foot square 
reflector is 50 feet from the ground. The reflector and 
tower are designed for use in 100-mile per hour winds and 
in 60-mile per hour winds with an ice coating which closes | 
up the perforations. Because of the sharp beam of energy 
reflected from a surface of this size, it is of utmost im- 
portance that the reflector be positioned so a perpendicular 
to its center bisects both the vertical and horizontal angles 
subtended by the antennas at the terminal stations. For 
ease of this adjustment the reflector is mounted in gimbals, 
which permit it to be moved as much as plus or minus 
ten degrees in both vertical and horizontal planes. 

During the test period it has not been necessary to replace 
any tube on an emergency basis. No internal defects 
have developed such as a short circuit between tube ele- 
ments or an open heater, 

The experience to date on tube life is not conclusive, 
but indications are that satisfactory life will be obtained. 
The microwave portion of the equipment has been operat- 
ing continuously since February 1949 and replacement of 
tubes has been at about the same average rate as for power- 
line carrier and mobile radio equipment. There have been 


no component failures. The multiplex equipment has 
been in operation since August 1949 with similar experience. 

A direct lightning strike on the tower at Hilltop had no 
effect on the operation of the microwave equipment. 
Operation was not affected during the worst conditions of 
weather including heavy snow, sleet, and rain, indicating 
that sufficient margin of safety has been used. It is 
interesting to note that the maximum variation in path 
attenuation occurs on clear days in the morning and eve- 
ning hours, and this is apparently the result of temperature 
inversion. 

Data on noise and crosstalk, and distortion on the three 
telephone channels obtained by the microwave and the 
audio multiplex equipment, are given in Table I. 


Table I. Data on Noise, Crosstalk, and Distortion 
ee ee Eee eee 


Telephone Noise and Crosstalk, 

Channel Decibels Below One Milliwatt Distortion 
HESS SORE ORCS COD ASO Tat ore So Rensacgo MECC ON GH Onoee Less than one per cent 
amteleiarohsi= Seal <fefehnvenicl <etalotsiatai Nae honpoanode ponons gu on Less than one per cent 
GV oabor ob tne ao a aoee ARS se ieearstslstata’s}s(sinfolols/viahcle, cate Less than one per cent 


The audio level of the three multiplexed channels 
is not over six decibels down from response at 1,000 cycles, 
at 250 cycles, and at 2,800 cycles. 
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The Graph-Scope, an Electronic Graph 
Plotter and Graphical Computer 


Ad oH OMAS, JR: 
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HE GRAPH-SCOPE is 

an electronic graph plot- 

ter which is designed to 
provide for the research 
worker a facility for plotting 
data which is equal in refiné- 
ment to those facilities with 
which he obtains data. In 
the design of the Graph- 
Scope four aims have been 
primary: to provide great 
flexibility in the finished 
picture, to reduce the chance 
for human error, to reduce graph plotting time, and to re- 
duce the eyestrain involved in the usual point plotting 
on graph paper. 
- The television scheme is used in the Graph-Scope to 
provide a rectangular scan with which the co-ordinate 
lines are drawn on a cathode-ray tube. On the graph 
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ordinate lines. 
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This article describes an electronic instrument. 
which draws a graph with any number of co- 
Points may be plotted on the 
graph by punching the data into a keyboard, 
and curves are drawn with an analogue com- 
puter. The type of co-ordinate system may be 
switched from linear to logarithmic or hyper- 
bolic without replotting the points. An automatic 
photographic recording system may be em- 
ployed and the whole device provides a rapid 
graph-plotting facility. 
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sheet thus formed the oper- 
ator may plot points and 
curves according to his ex- 
perimental data. Ifthe data 
are believed to follow some 
mathematical law, a standard 
curve may be generated with 
an analogue computer and 
the parameters adjusted until 
the curve fits the plotted 
data points. Then the ex- 
pression may be written down 

- after reading the dials. If it 
is desired, the graph may be switched to semilog, log-log, 
or hyperbolic scales without the necessity of having to plot 
the points again. 

A keyboard like that of a calculator is used for setting 
the point-plotting circuits, and the answer tube may be 
viewed by projection and photographed by one of the rapid 
automatic systems. 
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The Graph-Scope will draw its own co-ordinate system 
with: any number of divisions of either axis; any number 
of lines between major lines; any length of either axis; any 
slope of either axis; linear, logarithmic, or hyperbolic 
division of either axis; and rectangular or polar plot. It 
plots on the co-ordinate system any moderate number of 
points with: correct position for all types of plots, brightness 
control of each point and each group of lines, a remote 
keyboard system for plotting points, and a manually 
adjusted point for sampling a particular value. When 
used in conjunction with an analogue computer, the 
Graph-Scope will draw on the same graph any of the 
standard mathematical functions with calibrated and 
adjustable parameters. 


ELECTRONIC SYSTEM 


HE CATHODE-RAY TUBE display used in the Graph-Scope 

is very much like that used in television. The beam is 
caused to sweep in one direction very slowly and in the 
other very rapidly, sweeping out a rectangular area on 
which the graph is drawn by presenting to the grid of the 
cathode-ray tube a series of pulses. Figure 1 shows the 
beam trace and a part of the grid signal expanded in the X 
direction, and Figure 2 shows the primary wave forms of 
interest in the Graph-Scope. 

Further extension of the pulse-timing system can be 
made to allow the graphing of continuous curves. In all 
of these pulse-generating and timing operations a saw-tooth 
voltage is used as a transfer function from direct voltage 
to pulse time to spot position. The block 
diagram, Figure 3, shows the electronic com- 
ponents and their arrangement. A fast pulse 
source and a slow pulse source keep the opera- 
tions synchronized in each direction of the 
sweep. ‘The sweep circuits generate sweeps 
any desired number of pulse periods long, 
and the sweep signals are then controlled 
by special sweep amplifiers. Point plot- 
ting is done by recognizing when a linear 
negative saw tooth has reached the value of 
direct voltage which corresponds to the datum 
value, a positive pulse being added to the 
scope grid signal at that time. A dynamic 


perenne 


LINES 
BRIGHT LINE 


POINTS 


COMPUTED 
CURVES 


Figure 1 (above). The sweep trace and the grid 
signal, expanded in the X direction, showing how 
the co-ordinate lines are drawn 
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being the signal corresponding to the curve it is desired 
to plot. In this manner, the Graph-Scope can be used 
as a multi-input scope for signals of the same frequency, 
each one being presented to a different dynamic point 
plotter. The curve will be given proper spacewise pres- 
entation if its voltage function is synchronized to the 
slow sweep. Notice that the points are plotted with re- 
spect to the lines regardless of the type of sweep function. 
Thus, there is the opportunity to use logarithmic or hy- 
perbolic sweep functions to present the data in the 
manner which best reveals its properties. 

It is desirable to make the picture repetition rate as © 
fast as possible in order to improve the resolution when ~ 
a periodic function is being viewed on the Graph-Scope. ~ 
If the repetition rate is 50 per second and a 500-cycle © 
wave is viewed, there will be ten cycles closely spaced on ~ 
the graph. But if the repetition rate were 500 per second, — 
there would be one spread-out wave on the graph. The — 
slow sweep may be synchronized to the voltage function | 
if its period is an integral number of pulse periods. Other- ) 
wise, the slow pulse rate will have to be changed to match ~ 
the signal, thus changing the calibration of the point i 
plotters. ; 

The upper limit of the time scale is the response rate of i 
the pulse-operated circuits and pulse source. The general — 
scheme must be proved at a minimum cost; therefore, — 
simple circuits and common tubes must be used. In ~ 
generating fast pulses it is necessary to have the pulse 


plotter is used to plot curves, the reference = 
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Figure 2. Primary wave forms 
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Figure 3. Block diagram of the Graph-Scope 


width a small part of the time between pulses in order to 

draw fine co-ordinate lines. A typical set of time-base 

_ intervals which has been used is a pulse width of 0.5 micro- 
second and a pulse interval of five microseconds. Then, if 
the maximum number of lines desired is 20, the longest 
vertical sweep time would be 100 microseconds. To 
provide a reasonably solid screen, the slow pulse interval 
should include ten fast sweeps or 1,000 microseconds. 
Then the longest slow sweep desired would be 20,000 
microseconds, giving a minimum picture repetition rate 
of 50 per second. In normal operation the fast and slow 
pulse-repetition frequencies are set at random so that the 
vertical sweeps will always drift rapidly with respect to the 
vertical lines as turned on by the slow pulses. Thus, the 
vertical lines are made to appear solid, and there is no 
limit on the resolution of spot position as there would be 
if the traces were fixed in position, leaving some blank stripes 
on the field. 

The fast and slow channels are practically the same in 
all properties except the time constants involved. In the 
slow channel a broader pulse is needed than in the fast 
in order to have the vertical lines appear continuous. A 
simple free-running blocking oscillator provides a stable 

enough pulse source at about 200 ke but large pulse- 
repetition frequency changes would change the calibration 
of the point plotters. For the 1-kc pulse source an asym- 
metric multivibrator is used. Figure 4 shows how the 
sweep time is caused to be any integral number of pulse 
periods. To increase the number of lines on the graph 
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it is only necessary to run down the bias on the clipper 
circuit. 

Assume now that a saw-tooth wave has been generated 
in the same manner at the slow rate. The pulses of each 
frequency are drawing co-ordinate lines on the scope, as 
in Figure 3, and the next process is that of timing a pulse 
so that it will plot a point on the graph. The sweep is 
used as a transfer function with which to derive a pulse 
whose time is proportional to a direct potential. Every 
time the fast sweep falls to the set voltage, a pulse is de- 
livered. The string of fast pulses from the Y channel is 
below the bias level of the clipper until a slow pulse is 
added from the X channel, giving one properly timed 
pulse. This, and all of the other point-plotting and line- 
drawing pulses, are added and presented to the grid of the 
scope. Figure 5 shows the scheme of the point-plotter 
circuit. 

Calculating machines have proved the value of the 
keyboard for handling numbers, and many people have 
been trained to use them rapidly. ‘Therefore, the key- 
board mechanism was selected for putting data into the 
graph plotter. 

The function of the keyboard in this application is just 
like that of the dial in the automatic telephone system. 
In this graph plotter the problem is to switch remotely 
the inputs of the X and Y point plotters to direct potentials 
which correspond to the values of the data. A number for 
X is punched into the board, the motor is actuated, the 
shafts under the keys rotate decade switches until stopped 
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by the keys, and stepping switches in the point-plotter 
circuit follow the keyboard, setting into the point plotter 
the proper voltage. Before stopping, the keyboard motor 
switches the line from the X to the Y stepping switches. 
After setting Y in the same manner, the keyboard switches 
to another point-plotter circuit, and there may be as 


many points plotted as there are plotter circuits added to 


the system. 


PROPOSED OPERATING FEATURES 


hae a typical laboratory problem, some physical 
situation in which one parameter is varied and another 
property is measured as a function of the first.’ As the 
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Figure 4. 
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Figure 5. Point plotter 


values are set and read, they are punched into the keyboard 
of the Graph-Scope. A plotted point appears each time 
the keyboard is actuated until presently the data being 
read have become larger than the graph. By turning two 
dials, more lines may be placed on the graph to just include 
the data, yet provide the largest possible scale. Discon- 
tinuities and erroneous readings may be observed while 
the data are being read. 

After the physical conditions of the problem have been 
carried through their range, the points plotted may appear 
to follow some mathematical law. The suspected function 
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is set up on an analogue computer and adjusted until 
the curve approximates the data. Then, from the com- 
puter the values of the parameters may be read; such as, 
several constants and an exponent, or maybe the derivative 
at a particular point. If the function were exponential, 
the graph may be changed to semilog or log-log so as to 
best reveal the properties of the function. 

' As each of these stages is observed, it may be photo- 
graphed from a duplicate scope. Notes should be made of 
the various settings, scales, and so forth, to aid in labelling 
the printed graphs. Also, for clarity in reading, every 
nth line may be made brighter and particular points may 
be marked by brightening. 


LIMITATIONS AND DISADVANTAGES 


HE PRIMARY limitation in the Graph-Scope is the spot 

size of the cathode-ray tube for a usable spot brightness. 
The width of the graph lines, the readability of the point 
position, the resolution between points, and the minimum 
practical spacing between lines are all to be improved by 
having a tube with a small spot size. Another undesirable 
feature of the scheme is that of having to photograph the 
scope, print the picture, and then label the axés and curves. 
In a complete setup the photography could be practically 
automatic and fairly fast. 

Other limitations of the scheme are those based upon 
the performance of the electronic circuits. The accuracy 
of position of the plotted point and the accuracy of spacing 
of the co-ordinate lines are both related to the linearity of 
the saw-tooth generator, probably about 0.1 per cent with 
very good circuit design. If a large number of lines is 
desired, the accuracies of line spacing. and point position 
must be sacrificed because the voltage wave forms may be 
linear only over a limited range unless large tubes and 
expensive circuits are employed. ‘Thus, the accuracy of 
performance of the device is seen to be determined to a 
large extent by the amount of money which has been 
devoted to the effort. 

The first observation to be made is that the electronic 
scheme has been tried and found to provide the desired 
degree of flexibility. In plotting the graph, no time is 
wasted in selecting the paper or the. scale because the 
proportions of the picture may be adjusted after the data 
have been put into the plotter. 

Each of the other objectives has been met also. By 
having the operator plot the data with a keyboard instead 
of looking directly at the lines of the graph, much time is 
saved, and the eyestrain and possibilities of human error 
are greatly reduced. 

In addition to graph plotting, the machine was found to 
be easily adapted to graphical computation. Also, the 
electronic co-ordinate system greatly enhances the value of 
the answer from an electric analogue computer, providing 
direct reading of any value of the computer answer. 
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_ Wide-Speed-Range A-C Electric System for Aircraft 


H. B. JAMES 
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ee USE of variable-frequency a-c generating systems 
on aircraft has increased greatly in the last few years. 
One excitation scheme for these generating systems consists 
of a d-c generator exciter, built integrally with the alter- 
nator, which is controlled by a carbon-pile voltage 
regulator. Special attention must be given to the design 
of such an exciter to obtain satisfactory performance over 
a wide speed range. Figure 1 shows a cross-sectional 
drawing of a 30-kva 3-phase 0.9-power factor 208/120- 
volt 400/800-cycles-per-second 4,000/8,000-rpm alternator 
and its exciter. Satisfactory operation is obtained over 
the entire speed range with load varying from zero to 150 
per cent rated value and with various environmental 
conditions as are encountered on military aircraft.. The 
voltage-regulating controls for this alternator and exciter 
are similar to those commonly used for constant-frequency 
a-C power systems. 

It is imperative that certain factors concerning the carbon 
pile be considered to co-ordinate properly the design of 


this type of system. The maximum-to-minimum ratio of: 


regulator resistance must not exceed approximately 30 to 
1, nor should the average voltage per disk in the pile exceed 
a maximum of one-half volt. A properly designed antici- 
pating circuit is used to stabilize the system during transient 
conditions. 

In the design of the d-c integral exciter it is essential 
to consider the desired shape of the 
load saturation curves. Wide- 
speed-range operation results in very 
low excitation voltages at the higher 
speeds. Itis necessary that the load 
saturation curves in the operating 
range always have a decreasing slope 
in the direction of an increase of ex- 
citer field current. The shaping of 
the curves to obtain such characteris- 
tics required several exciter modifica- 
tions on the 30-kva machine. The 
final design differs from the original 
design in that shims were installed 
under the main poles, the width of 
the main poles was decreased, and 
the pole-face windings were 
increased to balance completely the 
armature reaction. These changes 
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were necessary to eliminate the dips in the load saturation 
curves which were causing the undesirable voltage in- 
stability under load. 

The final design of this self-excited exciter and alternator 
in combination with their voltage regulator provides voltage 
regulation over the operating range of the machine within 
+-21/. per cent at normal conditions and within three to 
four per cent under all environmental and load conditions 
which might be encountered. The maximum resistance 
of the field circuit was 18 ohms at 10,000 rpm, no load; 
the minimum was 5.5 ohms at 4,000 rpm, 150 per cent load. 

This particular electric power system appears to be the 
most advantageous from the point of simplicity and 
weight; however, there is considerable difficulty in properly 
adjusting the exciter to provide the suitable type of load 
saturation curve desired. Differences in commutator 
films and commutation qualities, in addition to the un- 
avoidable brush movements at high speeds, indicate that 
some other solution to the problem of variable frequency 
power in aircraft-is desired. 

The pilot exciter and main exciter power system is in- 
herently more stable than one without a pilot exciter, and 
it eliminates the danger of polarity reversals. The re- 
covery time of the system would be shorter than that of a 
system without a pilot exciter because of the constant volt- 
age available for supplying the main exciter field. 


Figure 1. Cross-sectional view of 30-kva 3-phase 208/ 120-volt wide-speed-range 
aircraft alternator and exciter . 
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HEN THE submerged 

melt welding process 

was first introduced 
15 years ago, one of its most 
attractive features was the 
extremely large welding cur- 
rents that could be used for 
making heavy welds in one 
pass. At that time there 
were a number of automatic 
welding machines available for arc welding with bare-wire 
or coated electrode. None of these machines, however, had 
the capacity to handle the maximum welding currents 
and rod diameters usable with Unionmelt* welding. Con- 
sequently it was necessary to design new equipment which 
could handle currents up to 4,000 amperes and could feed 
coiled welding rod up to one-half inch in diameter. 

There were, of course, other features of the process which 
made it desirable to develop more specialized automatic 
feeding and control devices than were then in existence. 
Since the operator could not see what was going on in the 
welding zone because of the cover of granular Unionmelt 
composition, it was necessary to use indicating meters and 


control. 


Figure 1. Heavy-duty portable welding machine showing the 
UE-type operating controls 


to provide more accurate controls to maintain the proper 
welding conditions. 

It was expected that the process would replace open arc 
welding on many jobs. Since either alternating or direct 
current can be used for welding, it was considered advan- 
tageous to design the control system so that it could be used 
with standard arc-welding generators or transformers, 
regardless of the type. 

During the past 15 years, as Unionmelt welding became 


* The term “Unionmelt”’ is a trade-mark of The Linde Air Products Company. 
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Three different voltage controls are used with 
Unionmelt welding processes. 
electronic control, the series control, and the air 
These controls have been designed to 
be used with either alternating or direct welding 
current, and they act on the principle that the 
arc voltage varies with the distance between the 
end of the rod and the work. 
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widely accepted by industry, 
it was applied to lighter weld- 
ments, and the need arose for 
smaller portable units which — 
could be more easily operated 
and maintained. Conse-— 
quently, at the present time — 
there are three different 
controls and associated equip- 
ment in wide use. These 
three are generally spoken of as the electronic control, the 
series control, and the air control. All three systems, how- 
ever, have certain basic features in common: they can be 
used with either alternating or direct welding current from 
any standard-type welding transformer or generator; they 
all function on the principle that, above a certain minimum, 
the voltage across an arc, will vary in proportion to the 
distance between the end of the rod and the work. The 
controls are used to regulate the speed of the rod-feed mo- 
tor and thus keep the welding voltage at the selected value. 
Fundamentally, a welding-voltage control is simply an 
automatic speed-regulating device with a feedback circuit.” 
Although many different types of such devices could pos- 
sibly be used for a welding voltage control, certain ries 
ments must be met to make them practical. One factor 
that may prevent a good speed-regulating system from being 
a good voltage control is that the signal voltage fed back 
from the arc contains false information and does not truly — 
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an oscillograph shows that each cycle of the alternating 
current may vary from 20 to 40 volts. These variations 
are probably caused by the manner in which the metal 


if alternating current is used, is not a pure sine function, b ) 
it resembles a square wave, having a high ignition voltage 
at the start of each cycle. Voltage variations can also be 
caused by turbulence in the molten metal or in the are 
stream from magnetic effects. A satisfactory control, 
therefore, should not have a response so sensitive or rapid 
that it will be affected by these factors. 
The objective in designing a satisfactory control was 
simply to produce smooth, even welds with uniform pene- 
tration under normal welding conditions, rather than to 
satisfy a thorough mathematical analysis. In fact, it has” 
been shown by a recording voltmeter or oscillograph that, 
in some cases, uniform welds can be made even though the 
voltage fluctuates quite widely. In the final design, it was 
necessary to consider the operation of the control unit and 
Full text of a conference paper presented at the AIEE Winter General Meeting, New 
York, N. Y., January 30-February 3, 1950. 
J. A. Kratz is with The Linde Air Products Company, New York, N. Y. 
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the feeding mechanism. In developing the control an 
effort was made to keep the circuits as simple and straight- 
forward as possible and to avoid any complicated circuits 
with numerous components or critical adjustments. 

The electronic Unionmelt welding control is shown in 
Figure 1 mounted on a portable welding machine. This 
machine has welding current capacity up to 2,000 amperes 
and will handle rods up to 5/16-inch diameter. The welding 
head is equipped with a 1/4-horsepower rod-feed motor, 
although the control has sufficient capacity to supply a 
1/2-horsepower motor. The complete control is in three 
units, interconnected by means of multiconductor plugs 
and receptacles for ease of servicing and moving the ma- 
chine from one location to another. 

The main unit, not shown, is a box about one foot by 
one foot by two feet which houses the electronic tubes, 
transformers, and associated components. It is generally 
mounted near the welding transformer or generator. The 
two other units are shown in Figure 1. On the left is the 
remote-control panel which contains single adjustments 
for welding current and voltage, together with meters for 
indicating these values. A meter showing travel speed is 
also included. On the right is the switch box containing 
the switches for manually controlling the welding operation. 

In actual practice, the operation is quite simple. The 
operator first eases the rod into contact with the work. He 
then opens a spout from a hopper to release the granular 
welding composition which covers the end of the rod and the 
surrounding area of the work piece. He then presses the 
“start” button. ‘This automatically throws on the welding 
current, retracts the rod, and puts the travel carriage into 
motion. At the end of the weld the operator throws a 
toggle switch which stops the travel, stops the rod feed, and 
allows the end of the rod to melt off. The welding voltage 
rises and a relay automatically disconnects the welding 
current supply. At no time is open-circuit voltage applied 
to the machine except when the start button is manually 
held closed. 

The basic circuits of the electronic control are shown in 
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Figure 2. Basic circuits for the electronic control. Three of the 
rectifier circuits are supplied from a 110-volt a-c line while the 
fourth is supplied from the voltage across the welding zone 
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Figure 3. 
type control handles welding currents up to 1,200 amperes 


Medium-duty portable welding machine with series- 


the circuit diagram in Figure 2. It will be seen that the 
control consists of four rectifier circuits, three of which are 
supplied from a 110-volt a-c line, and the fourth from the 
voltage across the welding zone. ‘The line voltage is con- 
verted by one rectifier circuit to 235 volts d-c with the 
use of a step-up transformer and a full-wave rectifier to 
supply the field of the rod-feed motor. This voltage re- 
mains fixed. 

The armature of the motor is also supplied from the 
110-volt line through a step-up transformer and a pair 
of thyratrons. The output voltage of the thyratrons may 
vary anywhere between 0 and 235 volts d-c, depending 
upon the control voltage applied between the grid and 
cathode of the thyratron tubes. The control voltage 
applied to the grids of the thyratrons is the sum of the 
rectified welding voltage and a small a-c bias voltage 
which is 90 degrees out of phase with the plate voltage of 
the thyratrons. This is commonly known as a quadrature 
phase-shift circuit and is used to valve the output of thyra- 
tron tubes in proportion to a d-c signal voltage. 

In the control under discussion, the a-c bias is fixed so 
that the output voltage for the feed-motor armature can 
be varied from 0 to 235 volts by varying the signal (welding 
voltage) from about 15 to 20 volts. By using a potentiom- 
eter to adjust the output of the welding voltage within 
this 5-volt range, the speed of the rod-feed motor can be 
set at any rate for any particular welding voltage within 
the normal welding range of 20 to 45 volts. If, for some 
reason, the welding voltage tends to increase, the feed 
motor will speed up slightly to compensate for the change. 
If the welding voltage decreases, the motor will slow down. 

The fourth rectifier circuit in the control consists of a 
small thyratron tube which supplies a reversing relay in 
the feed-motor armature leads. This is used to start the 
weld by momentarily retracting the rod. When starting 
a weld, the rod is placed in contact with the work and the 
welding-current circuit is closed. At this instant the 
reversing relay closes, the leads to the armature are re- 
versed, and the feed motor retracts the rod. This short 
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retract impulse is sufficient to draw the initial arc between 
welding rod and work. It will be noted from the diagram 
that the grid of the relay thyratron is connected to the 
feed-motor armature circuit so that as soon as armature 
current flows the relay supply is blocked and the relay 
returns to its normal forward-welding position. 

As the need for machines for lighter welding work 
increased, there was a demand for a simpler, more compact 
control which could be more easily understood by the 
average plant-maintenance personnel. Therefore, the 
series control was developed. This control, shown in 
Figure 3, is used with a welding machine that will handle 
welding currents up to 1,200 amperes and rod up to one- 
fourth inch in diameter. The welding head has a 3/8- 
horsepower 32-volt universal rod-feed motor. ‘The com- 
plete control is usually mounted in the center of the rod 
reel. The control panel contains adjustments and meters 
for the welding voltage and current and operating switches 
for rod inching, reversing, travel, and welding current. 

The circuit of the series control is shown in Figure 4. 
If the leads connected across the welding zone are followed 
through the control circuit, it will be seen that they are 
connected directly to the rod-feed motor through a rheostat. 
Since the motor is supplied by the arc voltage, any increase 
or decrease of this voltage will result in a corresponding 
change of rod-feed rate. By adjusting the series rheostat, 
any desired welding voltage will be maintained. This 
comprises the basic control system, although a few addi- 
tional components are required. An overvoltage relay 
is included in the circuit to prevent the low-voltage motor 
from being subjected to the high open-circuit voltage. A 
small transformer for rod inching and a reversing switch 
are also included. For welding with alternating current 
a variable transformer is substituted for the rheostat. 

From the first impression, it would seem probable that 
the series control, having a high-speed universal motor and 
series resistance, would give the poorest regulation and 
stability. In actual practice, however, this is not so, 
because the load on the motor is practically constant for 
any one size of rod or speed, and the small variations in 
load are not sufficient to affect the weld. 
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Figure 4. The circuit diagram for series control shows that the 
leads across the welding zone are connected directly to the rod- 
feed motor through a rheostat 
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Figure 5. Air-powered welding head and voltage control 


During war time, Unionmelt welding is used to a great 
extent in shipbuilding. For this work it seemed desirable 
to have a small, rugged, portable welding machine that 
could be ‘easily-serviced by a relatively untrained mechanic. | 
Since compressed-air tools are used extensively in ship- 
yards, the idea of a compressed-air-powered welding 
machine appealed to many shipbuilders. ‘Therefore, such 
machines were developed as portable models. Demands 
for stationary mounting for other types of work have led ; 
to the development of the air head and control box as 
shown in Figure 5. 

The actual voltage control consists of a special solenoid 
valve, which can be seen mounted on top of a 2-horsepower — 
vane-type air motor. Air is introduced into the system 
through an air cleaner, pressure regulator, and lubricator 
toaslide valve. The slide valve is actuated by a diaphragm 
regulator which in turn is controlled by a small needle 
valve attached to the solenoid armature. The coil of the 
solenoid is connected across the welding zone and is so : 


| 
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designed that a change in welding voltage will result in a : 
corresponding change in the air supplied to the motor. 

It was previously pointed out that a welding-voltage 
control should not be so sensitive as to be affected by the — 
extremely rapid variations in arc voltage. In the three” 
controls just described, this condition is satisfied in different - 
ways. With the electronic control, the rectified voltage 
from the arc is filtered by means of a choke coil and ca- 
pacitor which suppresses the unwanted variations before 
the voltage is applied to the grids of the feed-motor thyra-_ 
tron tubes. In addition, the inertia of the motor armature: 
helps to prevent any sudden speed changes. 

With the series control, the motor is supplied directly | 
from the arc voltage. Since it is a high-speed series-type 
motor, it does not respond to rapid voltage fluctuations. — 
The air head, on the other hand, has a motor which is_ 
extremely responsive to input pressure, and if the arc-_ 
voltage variations were duplicated exactly by air-pressure 
variations, the action of the feed motor would be extremely 
erratic. Consequently, the air control was designed so 
that the solenoid and mechanical parts of the valve will 
give a sufficient time lag to average out the arc-voltage 
variations as in the other control systems. 
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Loss and Recovery of Synchronism 


ing trouble is both in- 
teresting and instructive 
from a generating station 
point of view because the 
graphic record of the electric 


Bliss. CASE OF operat- 


of Parallel Alternators 


D. D. HIGGINS 


MEMBER AIEE 


When the excitation of one generator of a pair 
operated in parallel was weakened excessively, 
the speed of the generator increased to 64 cycles 
per second. The changes in voltages, currents, 
and magnetic fields as this situation was 
remedied are described in this article. 


and relative energy input to 
the generators. 

It is necessary, therefore, 
to keep in mind the particular 
basic point under discussion 
as the machine performance 


energy disturbance is com- 
plete. The description deals 
specifically with the in-step and out-of-step relationships 
of the generator rotor poles to the rotating magnetic poles 
produced by currents flowing in the stator windings dur- 
ing normal conditions and during the abnormal condition 
brought about by underexcitation. 

While there is nothing unusual about the behavior of 
the turbogenerator in this case of trouble, as it coincided 
with known behavior, it is one of those rare cases in which 
the disturbance, resulting from subnormal excitation of a 
loaded generator, was recorded from start to finish as shown 

- by the chart in Figure 1. 

A tandem compound turbine unit operating at about 
90 per cent load, connected only to a 132-kv system, was 
the setup involved in the trouble. A switchboard operat- 
ing error resulted in the generator field being excessively 
weakened, but not opened, during an intended normal 
regulating operation. This operation consumed only 5 
to 8 seconds, after which the kilowatt load on the unit was 
observed to swing violently, the voltage dropped quite low, 
and the incandescent lights were observed to pulsate for a 
few seconds and then, by the strengthening of the field 
and the decrease of steam input to the turbine by governor 
action, the disturbance ceased and 
conditions became normal. The 
machine had broken step with the 


under a definite condition is 

presented step by step. The 
case in mind here is the behavior of a loaded generator, 
operating in parallel with others, when its excitation is 
first decreased below normal and then re-established at 
its normal value. One way of presenting the case for 
analysis is to assume a simple bus setup that includes only 
essential points. This hypothetical generating station has 
one bus and two generators, and the generators are shut 
down and the bus is dead. The generators have two poles 
and the armatures have only one coil per phase (Figures 
2 and 3). The armature resistance may be neglected 
since it is comparatively small in large machines. 

One generator is brought up to speed, excited, and 
connected to the bus. To establish a reference point it 
may be assumed that the center point on the north pole is- 
under A-phase armature conductor at the instant Number 
1 generator is put on the bus and before it is given any load, 
and the steam input to the turbine is maintained to keep 
the unit at exactly synchronous speed. The dots and 
arrows of Figure 3 show the instantaneous polarity of the 
generated voltage, that in A-phase being at a maximum 
for the instant shown. A current in phase with the gener- 
ated voltage and flowing in the A-phase armature coil 


system and, while still connected to 


it, had dropped a large part of its 


load, accelerated, shut off some of 


the steam supply, deceleratéd, and 


resumed parallel operation, all in 


about 15 seconds. 


= 
To explain exactly what takes aaa Bae 9 GER ea cei} 0 | 
= Sales Se ae peas 0 || |G] Bae ae) aa 

place in the parallel operation of © === 
generators, it is necessary to state [a [atl Sameera | id mee ae pet oe as 

. ee 7 [ana 
precisely the particular condition ae —— Se Fe Ng fare 

° 0 —— = 
that is to be described. Actually ———— 25 5 Seen Bement ee 
what is observed on switchboard in- ‘eaesew a<aeeene corer) 120 aS ae Bee 
struments is a blending of the results Sas ae —jF-—— Sf 
of two principal and distinct in- SS SS ee 
fluences; these are relative excitation oS 46 | SSeS ee = ee ee ee ee 

= © => 
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Figure 1. 
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Megawatt output of an a-c generator during a period of subnormal 


excitation 
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will produce a magnetic flux in a plane parallel with the 
axis of the coil and lagging the axis of the rotor flux by 90 
degrees as shown in Figure 3. The relative position of the 
stator rotating field will be greater or less than 90 degrees 
depending upon the angle by which the current leads or 
lags the generated voltage. The generator then is given 


aes Figure 2. Connec- 
tions of an elementary 
generating station 


ARMATURE CONDUCTOR 


Figure 3. Elemen- 

tary diagram of a 

2-pole 3-phase a-c 

/ / STATOR POLE generator having 
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a very small load of unity power factor while the steam 
input is increased so that there is no momentary loss of 
speed. As the load is put on, there are two important 
things that occur: 


1. A drop in voltage takes place within the armature 
winding because of its reactance, JX in Figure 4. To 
maintain constant terminal voltage F,, the field will have 
to be strengthened, thereby increasing the generated 
voltage E,. It should be noted that the phase of the gen- 
erated voltage now leads the phase of the terminal voltage 
by the angle 6. 

2. The unity-power-factor load current (in phase with 
the terminal voltage) will produce magnetic flux as de- 
scribed previously, but it will lag the rotor flux by an 
angle greater than 90 degrees. In other words, it can be 
said that the stator poles form in between the rotor poles, 
and the two sets of poles, rotor and stator, maintain that 
relationship under conditions of light load at unity power 
factor. 


A second generator now is brought up to speed with 
voltage and frequency approximately correct for synchro- 
nizing. Before synchronizing the second generator, the 
conditions that exist at the terminals of the switch to be 
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used must be examined. The incoming generator is 
assumed running at a slightly greater speed than the 
generator on the bus and the two voltage waves are plotted 
in Figure 5A. The difference in voltage of the two waves, 
which is the voltage appearing across-the open switch of 
Figure 5C and measured by the voltmeter, is shown in 
Figure 5B and can be called the resultant voltage. It is 
this resultant voltage that is impressed upon synchronizing 
lamps and synchroscopes. When the speed, and, therefore, 
the frequency of the incoming generator is adjusted so that 
the waves of Figure 5A coincide exactly, and the voltage 
of the machine and bus are equal, the proper synchronizing — 
point has been reached and the switch may be closed. At 

this time the resultant voltage is zero. From here on the 

operation of the generator is controlled in two ways—by 

the amount of energy delivered to the drive shaft and by 
the strength of the rotor poles. 

Any momentary slight change in the speed of either 
generator causes one generator to be ahead of the other, 
which causes a difference in the time-phase relation of the 
two instantaneous voltages. The resultant voltage now i 
impressed upon the series circuit consisting of the two 
armatures, the bus bars, and the connecting cables. Be- 
cause of the highly inductive nature of this circuit the 
current that flows, usually called synchronizing current 
lags the resultant voltage by nearly 90 degrees. The ph 
relationship of the circulating current to the load current 
in the fast generator will make the two currents additive 
and, in combination with the generated voltage of that 
generator, produces a true power load in addition to the 
load already on that generator, and this slows the genera- 
tor down. * 

This load is merely a stiffening of the stator poles which 
imposes more opposition to the relative forward movement 
of the rotor poles. Similarly, the phase relation of this 


circulating current to the load current of the slow generator 
makes them subtractive, decreases the total current, which 
decreases the load on the slow generator, decreases the 


Figure 4. Relation of generated voltage to terminal voltage of an 
a-c generator with a unity power factor load 


Eg=generated voltage; Ep=terminal voltage; 


I=armature current; 
5=power factor angle 
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accelerates the slow machine, thereby tending to keep them 
in synchronism. 

With two generators in parallel, carrying the same load 
and at the same power factor, it can be assumed that the 
generated voltage of each machine will lead the terminal 
voltage by a definite power angle. If the field current of 
one generator is increased now, the strengthened rotor 
field will tend to slow the generator down and the power 
angle will be reduced, as shown in Figure 6. A change in 
power angle will result in the armature current becoming 
more lagging since the real power, as supplied by the prime 
mover, is unchanged. To maintain the bus voltage at a 
constant value, the excitation to the other machine must 
be reduced. The weakened rotor field of the second 
generator will allow it to advance slightly so that its power 
angle will increase. The effect of this shift is to make the 
armature current of the machine less lagging. Since 
regulation of the field current of a machine affects only 
the quadrature component of armature current, it allows 
the reactive power of the machine to be controlled. It is 
significant to note that the power angle, the angle between 
generated voltage and terminal voltage, is increased when 
the field is weakened. ‘The power angle is also dependent 
upon the power supplied the generator shaft by the prime 
‘mover. et , 

Load or torque on a turbine is the effort required to push 
and pull the rotor poles from the position in which the 
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Figure 5. (A) Voltage 
wavesoftwoa-c gener- 
ators before synchro- 
nizing. Generator 
Number 2 running 
faster than generator : 
Number 1. (B) Re- ‘© 
sultant voltage of two 
voltage waves shown 
in (A). (C) Connec- 
tions of voltmeter or 
synchroscope upon 
which the resultant (c) 
voltage in (B) will be 
impressed 


rotating stator poles are trying to hold them. The pole 
polarities and position relationships tend to pull the south 
rotor poles away from the north stator poles and force 
them against the south stator poles when energy is applied 
to the generator shaft. The more energy supplied to the 
generator shaft, the greater is the angle of advance of the 
rotor with respect to its position at noload. As was pointed 
out previously, a reduction in field excitation also will 
increase the power angle; this has the same relative effect 
as increasing the amount of energy supplied the generator 
shaft. Therefore, both the governor control and the field 
excitation control produce an effect upon the rotor position 
relative to the stator poles. When these controls are set 
so that the south rotor poles are directly under the south 
stator poles, a critical point has been reached and a further 
increase in rotor angle will result in the machine falling out 
of synchronism and it will slip poles. 
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) LOCUS OF ARMATURE CURRENT 
1*——— FOR FIXED POWER INPUT TO 
y MACHINE 


Figure 6. Change in power angle (3) due to change in field 
excitation, power input from the turbine remaining constant 


Another way of visualizing this critical point is to note 
that the generated voltage will lead the terminal voltage 
by a power angle of 90 degrees. For this power angle, 
the synchronizing power is practically zero so that any 
slight disturbance will have a tendency to cause instability 
in the’system. 

The magnitude of the synchronizing power is dependent 
upon several factors, two of which are under the operator’s 
control. These are the excitation of the machine and the 
power angle control achieved by the governor. The greater 
the excitation, the larger is the synchronizing power. How- 
ever, a large power angle results in a smaller synchronizing 
power. It is evident, therefore, that operation of a machine 
at high load with a relatively weak field sets up a condition 
where the machine may more easily fall out of step than if 
operated at a lower load with a strong field. 

In this particular case of trouble the machine was con- 
nected to the far end of a fairly long transmission line so 
that the power angle was somewhat greater than it would 
have been had the generator been feeding the system 
directly. When the switchboard operator inadvertently 
weakened the field, the synchronizing power became so 
low that the generator fell out of step with the system. This 
generator was driven up to 64 cycles, and as the north 
rotor poles were driven past the north stator poles, resulting 
in minimum voltage, the incandescent lights were seen to 
pulsate at a frequency equal to the difference between the 
machine and system frequencies, that is, four cycles per 
second. 

When theturbine accelerated, the speed-governing devices 
reduced the steam input to the turbine allowing it to de- 
celerate. The switchboard operator, diagnosing the situa- 
tion at this time, strengthened the field, which, with the 
reduced input of steam and deceleration of the unit, caused 
the synchronizing power to become great enough to restore 
the machine to synchronous operation, whereupon it 
assumed a steady load. 

The whole disturbance lasted only 15 seconds. The 
megawatt chart of Figure 1 shows the interchange of power 
between the generator and the large system to which it was 
connected. 
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ELATING ALL DIMENSIONS of the 3-phase core 
transformer (Figure 1) to the leg diameter D, these 
symbols result: 


A=L,/D=relative high-voltage coil length 

6=D,,/D=relative mean.diameter of the windings _ 

a=8S,/D? where S,=net core section 

b, =6+ (a,+<2) /3 = equivalent high-voltage and low-voltage clearance 
between windings 

éz=per cent full-load reactance voltage 


For a transformer of a given output P, frequency f, and 


voltage ratio U,/Us2, the core loss Py,, copper loss Po,, and 
impedance voltage ¢, are usually prescribed by the standards 
or set by economical considerations. Because core and 
windings of the transformer can be subdivided to provide 
for necessary cooling ducts and surfaces, preliminary design 
can be performed regardless of cooling requirements. 

Expressing both core and copper weight in terms of 
\, the variable part of the transformer price 


Cy = Qret (Pou/Pre) Qou ta FO) 


Differentiating with respect to \ and setting the result 
equal to zero will. determine \ for lowest possible trans- 
former price. The solution is practically useless because 
it gives, with regular grade of laminations, a transformer 
having very high no-load current. 

It is therefore necessary to prescribe a value of no-load 
current J) in addition to Pp, Pou, and e,J) together with 
P,, determinéd under the assumption of equal leg and yoke 
density ratio of v;/wg=Ph/100P,,. In this relationship, 
vz is the reactive and w, the active power input to magne- 
tize a unit weight of laminations to the maximum flux 
density B at 4-given frequency. The function B=/(v;/w,) 
traced for various steel grades determines only density B 
conforming to both Py, and Jy requirements. The core 
weight Qy,= Py, /w,. 

Transformer dimensions conforming to P;,, Pou, ¢,, and 


Figure 1. Main dimensions of the 3-phase core transformer 


1108 


Economical Design of a 3-Phase Transformer — 


800 


_ gtam Committee for presentation at the AIEE Fall General Meeting, Oklahoma City, 


Ciganek—Economical Design of a 3-Phase Transformer 


beret 


600 


400 


HBR 


7 7 _ ml ad P 


li 
| 
[ 


200 


\ 
a 
\ 
aN 
\ 
Be 


Figure 2. Price function of the 200-kva 22-kv 60-cycle 3-phase 
transformer 


Ig are governed by the equation 
A= (3A+4M/D+6d/D+1.5)*/2A 


where the transformer constant 
6.3 X108P BB > > 
at /®Q p9\/2 fez B? 
The most economical design is then derived by varyin 4 
yoke density and thus changing Jp within allowances with 


For the design it is more convenient to plot the variable 
part of the price C, against \ (Figure 2). The flat minimum 
of the chart allows further refinements of the design. 
With increasing ratio of unit prices of copper and core 
cu/pye, Minimum price slides to lower \ values. __ 


Digest of paper 50-216, “Economical Design of a 3-Phase Transformer,” recommended 
by the AIEE Committee on Transformers and approved by the AIEE Technical Pro 


Sar ie 23-27, 1950. Scheduled for publication in AIEE Transactions, volum: 
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NA RECENT STUDY! 
ie analysis has been pre- 

sented for the-‘determi- 
nation of the steady-state 
characteristics of magnetic 
amplifiers in terms of data 
of design. The method is 
to apply Kirchhoffs and 
Faraday’s laws to the electric 
circuits of the amplifier and 
to use Ampere’s law to relate the magnetic field intensities 
and currents, expressing the empirical relationship between 
field intensities and flux densities by means of some con- 
venient analytical expressions. 

The procedure is facilitated by the use of simplifying 
assumptions: leakage fluxes, hysteresis, and eddy currents 
are neglected. The core fluxes are assumed to vary 
sinusoidally in time. Rectifiers as used in feedback 
amplifiers are assumed to have infinite resistance in the 
reverse direction and a constant small resistance in the 
forward direction. 

The method outlined yields expressions for the currents 
in the various circuits of the basic amplifiers of Figure 1 
in the form of harmonic series whose coefficients are 
functions of the alternating component B,,, and of the 
direct component Bp of the flux density in the cores. 

The use of the functional approximation H=U sinh uB 
(where H is the field intensity, B is the flux density, and 
U and u are constants depending on the core material) 
allows in particular for a simple dimensionless treatment of 
a most general nature in pure analytical form. For core 
materials such as hypernik, hypersil, and similar improved 
transformer alloys, for which the simplifying assumptions 
already mentioned are valid, the analysis agrees closely 
with experimental checks within the range of accuracy 
expected in problems of this nature. This will be seen to 
be the case even for feedback amplifiers in which elusive 
phenomena of commutation (that is, simultaneous con- 
duction of all feedback rectifiers) occur in appreciable 
portions of the cycle and result in apparent increase of the 
feedback ratio. 


design parameters. 


DIMENSIONLESS CURVES 


HE RESULTs are presented in the form of general di- 

mensionless characteristics that can be used directly for 
the amplifiers of Figure 1 without need for calculations, other 
than the simple ones required to convert the dimensionless 
ESTEE ease Si eS a Se 
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Dimensionless curves are presented for the de- 
termination of the steady-state output charac- 
teristics of magnetic amplifiers in terms of 
Correction factors for the 
feedback ratio are calculated. Results ob- 
tained by this method agree well with experi- 
mental tests for amplifiers with cores of gradu- 
ally varying incremental permeability. 
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data to the actual values 
corresponding to any specific 
design and core material. 

The full line curves 
illustrated in Figure 2, rep- 
resent in general dimension- 
less form the relationship 
between the alternating volt- 
age across the amplifier 
- terminals and the rectified 
average value of load current for different values of the 
total time average magnetomotive force due to signal, 
bias, and feedback currents for any of the amplifiers of — 
Figure 1. 

The dimensionless ordinates 


(he St Em |} (1) 
m —u ORT Shy ae 


where B,,,, (for example, in webers per square meter) 
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Figure 1. Typical magnetic amplifiers 
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Figure 2. General dimensionless output characteristics of 
magnetic amplifiers 


is the crest of the component of the flux density in the core 
alternating at frequency f (cycles per second), E,,/WN is 
the crest value of the corresponding volts per turn, w=2zf, 
and A is the cross-sectional area of one core (square meters). 
(For the amplifiers of Figures 1A and 1C, N=2.N2; for the 
amplifiers of Figure 1B and 1D, N=N..) 

The dimensionless abscissae are defined as 


a 1 NMiyave 


5u= 7, F (2) 


where / is the mean length of the magnetic path (meters) 
and J,,vg is the current measured by a rectified average 
ammeter in the output circuit. 

Moreover the parameter §,, is defined as 


Fio=A+HR+E, (3) 


where 
1 NiTiave 1 Noloave 1 Nyy 
5; =_=— = eee eka 
we ee ey fiw ie Se 6 ae, (4) 


Tiaves Zpaves 2nd Iy,, are direct components (time average 
values). of the currents that flow in signal, bias, and feed- 
-back- windings, and Nj,’ N,, and N, are correspondingly 
their number of turns (per core). The convention is used 
that NV, is a positive or negative number according to 
whether the bias magnetomotive force N,J, is such as to 
aid or to oppose the magnetomotive force Mi, of the 
signal. A similar sign convention is used for V 7 Which will 
be a positive quantity in the case of positive feedback, 
but shall be negative for negative feedback action. Thus 
for the external feedback amplifier of Figure 1C, N= 
+N, while for the self-feedback of Figure 1D, in which 
feedback and output windings coincide, WV pa. 

In Figure 2, the abscissa $, has been chosen as in 
equation 2 on the basis of rectified average value of output 
currents as the curves convey in this form more directly 
usable information on the performance of feedback ampli- 


1110 


| ANS 
| BALSA 
BME! 


Finzi, Beaumariage—Magnetic Amplifier Characteristics 


fiers, as shown later. Similar di- 
mensionless curves in terms of rms 
or of peak output currents could 
be plotted. 

The dotted curves of Figure 2 
represent in general dimensionless 
form the same relationship between 
@,, and &, for different values of 
the parameter @®o=uBo, where Bil 
is the direct component of core — 
flux density. These curves convey 
useful information for the study of 
commutation phenomena or in the 
analysis of transients, in which the — 
growth or decay of the direct — 
component of the average core flux 
is essential, as indicated, for example, i 
in reference 2. The representation . 


ae 


of Figure 2 evidences also that 

@o depends not only on 4, but that 
it depends on @,, as well. : 
By crossplotting the full line curves of Figure 2, Figure 
3 is obtained in which §, is plotted as function of 54, for 
various values of ®,,. The curves show the limitations of 
the so-called turns ratio law. ‘This law states an approxi- ~ 
mate equality of ampere turns per core of rectified average — 
output currents and of average ampere turns per core of 
signal, bias, and feedback current; that is, in our notation 
(1/2)F,=Sg,. It is seen actually that for high enough 
values of §,, these curves are nearly straight lines, whose 
slopes, however, vary for different values of @,,. In other 
terms, the turns ratio law, obtained«on the assumption of 


Figure 3. General dimensionless transfer characteristics o 
magnetic amplifiers 
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so-called square magnetization 
curves, may not apply too well to 
materials with gradually varying 
incremental permeability with which 
this analysis is concerned. 


AMPLIFIERS WITHOUT FEEDBACK 


HE FULL LINE CURVES of Figure 

2 allow the immediate evalua- 
tion of the operating point of any 
amplifier without feedback (Figures 
1A and 1B, for which NV,=0), for 
any specific instance for which data 
of design (resistance, number of 
turns of the various windings, core 
cross section, and mean _ length) 
and magnetization curve of the S66 
material (expressed in terms of 
the parameters U and u) and signal 
and bias currents and alternating 
voltage across the output windings 
are given. 

Load lines expressing the possible 
points of operation of a magnetic 
amplifier for various values of signal 
current and fixed a-c supply voltage 
and load also can be plotted in 
dimensionless form on the chart of 
Figure 2. For instance,.the known 
elliptical load lines that result for a 
resistive load R, under the ap- 
proximate assumption of sinusoidal 
output current can be represented 
on the chart also with ellipses whose 
axes coincide with the co-ordinate 
axes. The intercept 6,,, of such 
ellipses with the ordinate axis is 
the value of @,, corresponding to 
zero Output current (infinite re- 
actance of the output windings). 
Thus, if the supply voltage is V,,,,, 
it follows from equation 1 
B= (5) 

On the other hand, the intercept 
with the abscissae axis is 


Fri =Bmi/R (6) 


eee (7) 


If R, is the resistance of winding N2, then R=R,+2R, 
for the amplifier shown in Figure 1A and R=R,+1/2 Re 
for the amplifier shown in Figure 1B. More general 
elliptical loci that result for nonrectified loads consisting 
of resistance and inductance, or the straight lines into 
which the loci degenerate for the case of purely inductive 
loads, and negligible power winding resistance R, can be 
plotted on the chart of Figure 2 for any specific instance 
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Figure 4. Dimensionless transfer characteristics for magnetic amplifiers with feedback 
negligible commutation, and feedback ratio N;/N2=1.0 for various values of @, 


Figure 5. The feedback correction factor y as a function of §, for various values of 
®m and & for Ny/N2=+1.0 in full lines and N;/N:=—1.0 in dotted lines 


of given a-c supply voltages and load impedances in a 
similar way. 


AMPLIFIERS WITH FEEDBACK 


HE DIMENSIONLESS CURVES of Figure 2 apply for ampli- 
fiers with feedback also, and similar load lines can 
be drawn. In these cases, however, the variable §,,, as 
defined in equation 3, includes the term ;, which depends 
directly on the average value J,,,, of current flowing in the 
feedback windings. 
Transfer curves, expressing ¥, as function of the di- 
mensionless control magnetomotive force $,=5,+, for 
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Figure 6. Dimensionless transfer characteristics for magnetic 
amplifiers with feedback showing the influence of commutation 
for (A, above) ®,=1.0, Ny/Nz=+1.0, and various values of &, 
and (B, below) @,,=3.0, Ny/N2=+1.0, and various values of 
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that 
Trove = Ihave (8) 
for the external feedback amplifier, and 


il 
Trave Pee Lave 


for the self-feedback amplifier. ‘The dimensionless mag- 
netomotive force §, of the control windings (bias and 
signal) is then related to %4, by 


given values of @,,, are obtained immediately from the 
curves of Figure 3, whenever the assumption can be made 


Y 
N71 
FG= FES, = Fie — Fe ; (9) 


N22 


‘ 


€ 
where for the external feedback case V,= +N, and for the : 
self-feedback case V,= +N. The curves of Figure 4 have | 
been obtained under the assumption given in equation 8 
for a feedback ratio N,/N2=1. . 

Conditions may arise, however, for which J,,,, is greater 
than the value given in equation 8. This phenomenon ~ 
has been recognized already in the early papers of T. 
Buchhold,* and has been mentioned also in a discussion of 
reference 4 by D. B. Corbyn. In the wording of Corbyn, 
the feedback circuit is highly inductive and, hence, a 
decaying current may be expected to continue flowin 
through some of the feedback rectifiers when the other 
feedback rectifiers have already initiated conduction, 
(This phenomenon is not to be confused with the reverse — 
conduction that may be due to imperfect rectifiers.) This 
simultaneous conduction of all feedback rectifiers, or 
“commutation,” is explained in the analysis! considering 
that the assumption of a sinusoidally alternating core flux 
superposed ona direct component of flux implies the need ~ 
of even harmonics of magnetomotive forces. - In the simple 
amplifier (Figure 1A) these magnetomotive forces are 
supplied by even harmonic currents flowing in the signal 
windings, while for the amplifier (Figure 1B), harmonic 
currents are induced in the signal windings as well as.in 
the external loop of the output windings in the inverse 
ratio of the resistance and in the direct ratio of the number 
of turns. Likewise for the amplifiers (Figures 1C and 1D) 
a contribution to the total need of even harmonics of 
magnetomotive force should be expected to be provided 
by current flowing in the feedback windings, this con- 
tribution being dictated by ratios of resistances and num- 
bers of turns and being not necessarily coincident with 
the even harmonics which result simply from the rectifica- 
tion of the currents supplied by the a-c source. 

The detailed analysis established in reference 1 does not 
need to be repeated here. It appears practical to account 
for effects of commutation simply by means of a convenient 
correction factor y applied to the feedback ratio. With 
the introduction of this factor, equation 9 is modified into 
the more general one 


; Las ve : t ns ondhine oe Aah le avian 
which no longer requires the not always acceptable as- 
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sumption I javg=Tzpavg OF (1/2)Dpave aS 
indicated in equation 8. 

The factor y depends on ®p and 1.25 
@,, and on the number of turns of 
the signal, bias, and feedback wind- 
ings and the resistance of their 
circuits. It also can be expressed in 
terms of @,,, %,, and of a further 
factor k, defined as 


(5) (as) 
Nj} \Re 
R, is the resistance of the feedback 
circuits during commutation; R,= 
2R,+R, for the external feedback 
amplifier, and R,=2R,+2R, for 
the self-feedback amplifier, where 
R, is the forward resistance of one 
rectifier arm. RR, is the resistance 
of the combined signal and bias 
Circuits as given by 


a my 1 ) 
Ro 2R: \N,/\2R, 


where 2R, and 2R, are the re- 
sistances of the signal and bias 
circuits respectively. Thus in the 
case of no bias windings 


a my 2Ri+R, 

AM 2k; 

for the external feedback amplifier, 
and 


k= xy Bet Be 
\Ne R 


for the *self-feedback amplifier cir- 
cuit. 

Figure 5 shows values of y as a 
function of §, for fixed values of k 
and @,,,. assuming WN,/N.= +1.0 
(as is the case for self-feedback or 
for external feedback with 100-per 
cent feedback ratio). It is seen that 
y is very close to unity when k is 
large, that is, when signal or bias 
windings offer comparatively easy paths to induced currents 
satisfying the needs of even harmonics of total magneto- 
motive force. It is in such cases that the simplifying 
assumption given in equation 8 can be accepted, that is, 
commutation phenomena are ignored. On the other 
hand, small values of k (as they may occur in feedback 
amplifiers in which forcing resistors are used to improve 
the speed of response) cause a considerable increase of 
feedback action. 

Figures 6A and 6B indicate transfer characteristics ob- 
tained for ®,=1.0 and @,,=3.0 and N,/N2=+1.0, for 
various values of k. These are found directly from Figures 


B/WeBER/M2 
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(12) 


Figure 8. 


3 and.5.in the following manner. . Knowing the value of . 


®,, the appropriate.transfer curve of F, versus F4; can be 
found from Figure 3. Then, from the value of k given by 
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H (ampere turns per meter) 


Figure 7. Normal magnetization curve (solid line) and its analytical approximation 
H=U sinh 4B (dotted line). U=12.7 ampere turns per meter, y=4.6 square meters 


per weber 


General dimensionless output curves with samples of experimental checks. 
The circled points check the no-load curves and the crossed points are for the ellip- 
tical load line 


equation 11, y can be found using Figure 5 for the various 
values of $,. %, then is found from equation 10. It is 
seen again that small values of k may give transfer charac- 
teristics which are considerably steeper than the one 
obtained for the same values of ®,, in Figure 4 in which 
commutation was neglected. On the other hand, no 
appreciable differences are found when k.is large (kK>1.0). 

Commutation phenomena are of particular significance, 
for instance, when the resistance of the signal circuit is 
increased by means of forcing resistors, which are frequently 
used to improve the speed of response. For the case of 
positive feedback, the forcing resistor shifts upon the feed- 
back windings. the burden of providing the 5,, needed for 
a given output §,. That is, as $, increases the need for 


-§, decreases (as shown clearly by the-increased slope of 
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Figure 9 (A and B). Average feedback 
current as a function of the rectified 
average load current in the amplifier 
with feedback showing the effect of 
resistance of the control circuits on the 
feedback ratio, for positive and negative 
feedback action, Ny/N:==+1.0. The 
dotted points are for k=0.02 and the 
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crossed for =0.20. (A) ®,=1.0, (B) 
Bn = 3.0 


Figure 9 (C). Calculated dimensionless 

transfer characteristics for @,,=3.0, 
N;/N2=1.0 for  =0.20 (dotted line) and 
k=0.02 (solid line) showing the in- 


20 30 40 fluence of commutation with experi- — 
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the transfer characteristics which are 
shown in Figure 6). 


EXPERIMENTAL CHECKS 


eer OF experimental results 
are given as obtained on ampli- 
fiers with the following core speci- 
fications: material, hypernik; core 
area A=4.2 10-4 square meter; 
mean length /=0.181 meter. 

poet oars The normal magnetization curve, 
FEEDBACK obtained with a moving coil flux- 
meter, is shown in Figure 7. In the 
dimensionless analysis, the magnetic 
properties of the core are expressed 
by the two constants U and u of the - 
approximation H=U sinh uB. These constants are ob- 
tained as U=127 ampere turns per meter and u=4.6 
square meters per weber, and the resulting analytical 
approximation is compared with the experimental curve 
in Figure 7. 

The basic circuits of Figures 1A and 1B have been used 
with NM,=2,000 turns, R,;=100 ohms, N2=2,000 turns, 
R,=120, and N,=0. The rms volts per turn (at 60 cycles) 
have been varied from 0 to 0.12 and the rectified average 
output current has been measured for fixed values of average 
signal current J; varying from 0 to 200 milliamperes. A 
few typical experimental values are converted into di- 
mensionless values as per equations 1 to 4 and then plotted - 
on the dimensionless chart. © - 

An additional sample of experiments on operation with 
load also is represented in Figure 8. For this the amplifier 
(Figure 1A), with the same winding data as before, has 
been used with a series load resistance R,=5,040 ohms 
and with a fixed 60-cycle supply voltage of 338 volts rms. 
The output currents corresponding to various values of 
signal, after reduction to dimensionless values, have been 
marked as crosses in Figure 8, in which also the corre- 
sponding theoretical elliptical locus (R=0.033, intercepts 
Bni= 3-40, FL,=102) is shown. 

Figure 9 shows the increase of average value of feedback 
current resulting from commutation phenomena. For 
this the external feedback amplifier of Figure 1C has been 
used with the same hypernik cores and following winding 
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specification: N2=2,000 turns, R,=120 ohms, N,=20, 
N, y= 2,000 turns, R,=216 ohms (including rectifier re- 
sistance as given after equation 11). The number of turns 
in the signal windings has been kept fixed at 500 turns, 
but using two different values of R, equal to 33.7 and 337 
ohms so as to give two different values of k equal to 0.20 
and 0.02 respectively (as per equation 11). Constant 60- 
cycle voltages of 98 rms and 294 rms volts (such as to give 


@,, = 1.0 and ®,,=3.0) were applied at the amplifier output 


terminals, and simultaneous readings of output current 
and current in the feedback windings were taken by vary- 
ing the signal. Figures 9A and 9B show the comparison 
of the experiment with theoretical values of the analysis 
for the two values of & and for positive and negative feed- 


back action. The 45-degree line plotted corresponds to the 
simplified case of no commutation (k=). Figure 9C 
presents experimental checks on the over-all influence of 
the commutation phenomena upon the transfer curves. 
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The Use of Electricity in Bauxite Mining; 
E. A. Brenn (Alcoa Mining Company, New 
York, N. Y.). 

The use of electricity is an important factor 
in the processing of bauxite, which is the 
most important commercial ore of aluminum. 
Bauxite is found in many parts of the world; 
the largest mining operations of the Alumi- 
num Company of America are centered in 
Arkansas and in Suriname, a Dutch colony 
on the northeast coast of South America. 
Open-pit methods are used for most of the 
mining, with a limited amount of under- 
ground work being used in the Arkansas 
mines. 

Diesel-powered equipment is commonly 
used in stripping and mining in the open-pit 
method, while electric power is extensively 
used in underground operations. Recently 
an electric shovel has been added to the 
open-pit equipment in Suriname, where for 
several years diesel-electric locomotives have 
been used in tramming. Electric power is 
used in all operations for pumps, compressors, 
lighting, and so forth. 

In the milling process, every step, from the 
unloading of a car of ore until shipment, is 
powered by electric motors. The process 
includes steel pan feeders, gyratory and 
hammermill crushers, belt conveyors, rotary 
drying kilns, storage buildings, and shipping 
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facilities. Special electrical control devices 
are used extensively. 

Power is purchased in Arkansas but is 
generated in modern power plants in Suri- 
name. ‘Transmission lines carry power at 
13,800 and 2,300 volts to substations in the 
mining or milling areas from which it is 
distributed at 480 volts. Aluminum wire 
and cable is extensively used for transmission 
lines and for distribution through aluminum 
conduit in the mills. 


Industrial Power Networks; H. D. Hughes 
(Stanolind Oil and Gas Company, Tulsa, Okla.). 

This paper describes a unique application 
of the network principle to a particular 
industrial power distribution system. This 
system is the solution to a rather interesting 
design problem, which was to modify an 
existing electrical distribution system to fit 
the requirements of an entirely new and very 
complex industrial operation. 

The installation is the Tulsa Maintenance 
Depot of American Airlines, Inc., which is 
the central shop for the entire system. The 
depot is completely equipped for periodic 
inspection ‘and repair of all transport planes. 

Power was required for many types of 
machine and hand tools. This equipment 
was distributed over a large floor space. 
There was very little available space for load 
centers or other distribution equipment. 
The location of all equipment was fairly 
well defined, but the load characteristics 
of many pieces of equipment were rather 
indefinite. These conditions required extra 
flexibility in the capacity of the distribution 
system. Voltage regulation presented a 
problem, and extremely dependable service 
also was required. 

Many of the requirements for this system 
indicated that a network type of distribution 
system was required. Some features indi- 
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cated that plug-in bus duct feeders were 
highly desirable. All of the design require- 
ments were fulfilled by a 4-unit loop-type 
network. The bus-tie circuits consist of 
plug-in bus ducts. All loads are plugged 
directly into these tie circuits; no additional 
feeder circuits are required. 

In order to make the maximum economical 
use of existing equipment and machinery, it 
was necessary to provide both a 120/208-volt 
and a 480-volt network. : 


System Frequency Response Derived 
from Transient Response; A. R. Teasdale, 
Jr., F. E. Brooks, Jr., J. P. German (Uni- 
versity of Texas, Austin, Tex.). 

In making a study of feedback systems, it 
is necessary to know the loop transfer func- 
tion. This transfer function may be de- 
rived from calculations based on circuit 
constants, steady-state frequency measure- 
ments, or transient response measurements. 
The transfer function can be written directly 
from amplitude and phase frequency re- 
sponse. 

It is more desirable to design in terms of 
frequency response, but these measurements 
are not always simple. One must contend 
with system heating, drift, and long strings 
of data. These problems are not so severe 
in making transient runs. This paper shows 
methods of evaluating the frequency response 
from transient response to a step function, 
a unit impulse, a doublet impulse, and higher 
order impulses. Developments are based on 
the Laplace transformations. 

The frequency response G(jw) of a system 
may be obtained from the response f(i) to a 
unit step function by the following expression: 


G(iw) = uf z "(ie Sold 


=> Af (tn) Zotn 


n=] 


This complex integration may be con- 
sidered a complex sum of step functions. 

The response G(jw) of a system may be 
obtained from the system response f(t) to a 
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unit first order impulse by the following 


expression: 


G(iw) = f "flee dott 
0 


= Silt! —wln ww y SeSaks L 


n=0 « 


This complex integration may be con- 
sidered a complex sum of firs order impulses. 

These methods may be extended to give 
G(iw) in terms of the response to higher 
order unit impulses. 


The Torsional Damper for Conductors— 
Service Experience and Further Experi- 
mental Work; 7. J. Burgess, A. D. Hogg 
(The Hydro-Electric Power Commission of 
Ontario, Toronto, Ontario, Canada). 

Investigational work on aeolian vibration 
in transmission conductors initiated about 
1930 by The Hydro-Electric Power Com- 
mission of Ontario led to the development of 
an effective articulated torsional damper. 

A phase of the continuation of this work 
of some possible general interest dealt with 
the effect of tension on vibration in alumi- 
num-cable steel-reinforced (ACSR) con- 
ductors from Number 3/0 to 605,000 circular 
mils in size. The data indicate that at 
tensions up to about eight per cent of the 
ultimate strength there is little vibration. 
From 8 to 15 per cent the maximum bending 
at the clamp. increases rapidly, and then 
remains constant for further increases in 
tension. The number of cycles of vibration 
above any given amplitude, however, in- 
crease linearly with tension above the 
8-per cent threshold tension. 

Recently reported trouble makes in- 
formation obtained on the type-HH 500,000- 
circular-mil copper conductor of interest. 
A line with a tension of 20 per cent and 
spans of 880 feet was found to vibrate 
naturally at not over one-third the fatigue 
limit. Thus it has been considered un- 
necessary to use the rigid torsional dampers 
developed for this line. Recent careful 
inspection after nine years of operation 
showed no trouble. 

The torsional damper for ACSR conduc- 
tors, which is much superior to the rigid 
damper, has been used extensively up to 
ten years on several conductor sizes. No 
trouble has been found by recent careful 
inspections of (1). a 477,000-circular-mil 
line with a 60-degree tension of 15 per cent 
of the ultimate strength and spans of 1,000 
feet; and (2). a 795,000-circular-mil line 
with a 60-degree tension of 19 per cent and 
spans of 1,150 feet. 


Aeolian Vibration—Experience with and 
Remedial Measures for Failures in Over- 
head Ground Wires; R. F. Danner (Oklahoma 
Gas and Electric Company, Oklahoma City, 
Okla.). 

In 1948 and 1949, the Oklahoma Gas and 
Electric Company installed 5/16-inch Extra- 
High-Strength (EHS) 7-strand steel lightning 
shield wires on some of its new 66-kv and 
138-kv H-frame and steel tower transmission 
lines to provide the desired mid-span separa- 
tion between shield wires and conductors at 
minimum cost. The EHS wire was strung 
with initial tensions of 23 to 28 per cent of 
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ultimate strength at 60 degrees Fahrenheit. 
Within five months, breakage of the steel 
strands at the edge of the suspension clamps 
began to occur. 


It was observed that vibration was severe 


throughout a wide range of temperature and 
wind velocities, although there was little 
or no vibration of shield wires on both new 
and older transmission lines which had been 


' installed at a tension of 15 per cent of 


ultimate at 60 degrees Fahrenheit. 

After considering various remedial meas- 
ures, it was decided to (1). repair and 
strengthen the wire at each of the original 
points of support by installing preformed 
63-inch long armor rods; (2). resag the wire 
to a tension of 15 per cent of ultimate 
strength at 60 degrees Fahrenheit; and 
(3). install these armor rods at the new, point 
of support as an added measure of protection 
on the lines. 

This experience indicates that with ten- 
sions as high as 23 to 28 per cent of ultimate, 
aeolian vibration may be so predominant 
and so severe in some localities as to cause 
fatigue failures, and the safe limit may be 
in the order of 15 per cent. No fatigue 
failures have occurred on overhead ground 
lines which were constructed 20 years ago 
where the shield wires were sagged at 15 
per cent of ultimate. 

The use of preformed armor rods appears 
to be one of possibly other economical and 
satisfactory methods of rehabilitating 
damaged wire, and for providing a measure 
of protection from fatigue at the point of 
support. 


Failures of Overhead Ground Wires 
Caused by Aeolian Vibration; P. G. 
Wallace (Texas Power and Light Company, 
Dallas, Tex.). 

Experience with several types of overhead 
ground wire installations indicates that the 
use of rigid or partially restrained supports 
limits the normal safe operating tension of the 
cable to less than 15 per cent of its ultimate 
strength, and this limit should not be ex- 
ceeded unless measures are taken to reduce 
the bending stress caused by the vibration 
at the clamp. 

The use of very mobile suspension clamps 
should permit higher normal operating 
tensions without necessitating additional 
antivibratory measures. Indications are 
that the limitation can be raised to approxi- 
mately 20 per cent of the ultimate strength. 

Experience with preformed armor rods 
installed on 3/8-inch high-strength steel 
strand in 1946 and operating at about 
18 per cent of ultimate strength indicates 
that they will definitely reduce. vibration 
fatigue. An inspection of this installation 
shows no signs of abrasion after four years of 
service. 

Possible damage to supporting structures 
and their appurtenances caused by aeolian 
vibration should be considered when de- 
signing an overhead ground wire installa- 
tion. Pole ground wires should be attached 
to the static wire support rather than con- 
nected direct to the shield wire. Use of the 
single-angle iron crossarm will provide a 
sufficiently rugged and safe tie between the 
two shield wires on wooden H-frame lines. 
In addition, this type of shield wire support 
lends itself readily to the use of a flexible 
clamping device. : 
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Progress in Conductor Vibration Investi- 


gations; Joel Tompkins (Aluminum Company 


of America, Massena, N. Y.). 

Investigations of overhead conductor 
vibration are being carried on in Massena, 
N. Y., in an enlarged Electrical Conductor 


Laboratory operated by the Electrical 
Engineering Division of Aluminum Research 


Laboratories of Aluminum Company of 
America. 

Indoor laboratory facilities include a 
number of 120-foot test spans, with lever- 
loading systems for control of conductor 
tension and new electromagnetic vibration- 
inducing equipment with automatic ampli- 
tude control features. Improved: methods 
of conducting vibration fatigue tests of 
conductors protected with armor. rods 
include the use of very sensitive recording 
equipment to indicate the failure of a con- 
ductor strand under the rods without dis- 
turbing the rods. 

In addition to the indoor spans, a number 
of outdoor test spans, from 400 to 1,500 feet 
in length, are also available at Massena to 
allow the study of natural wind-induced 
conductor vibration and to allow direct 
evaluation of effectiveness of vibration damp- 
ing devices. Among other results that have 
been obtained using these spans, it has been 
found that standard straight and tapered 
armor rods contribute more vibration 
damping than had previously been recog- 
nized generally. On three sizes of cable, 
representing a wide range of diameters, 
armor rods appear to reduce amplitude of 
vibration by roughly 40 to 50 per cent at 
fairly low wind velocities, with even greater 
reductions at higher’ wind velocities. 


BPA Experience with Conductor Vibra- 
tion; M. B. Elion, A. A. Osipovich, M. G. 
Poland (Bonneville Power Administration, Port- 
land, Oreg.). . 


During a vibration damper installation — 


on the 100-mile Midway-Grand Coulee 
230-kv Line 2 five years after construction, 
an inspection was made of the 500,000- 
circular mil expanded high-strength copper 
conductor. From one to eight of the outer 
copper strands were found broken within 
the suspension clamp due to vibration fatigue 
on 231/2 per cent of the 468 towers inspected. 

Of the several methods of repair con- 
sidered, the use of a stainless steel preformed 
armor rod was finally adopted because of its 
low magnetic power loss, excellent gripping 
action, ease of installation, and vibration 
suppression characteristics. 

Bonneville Power Administration (BPA) 
now is sponsoring vibration laboratory work 
at Washington State College where tests 
are proposed on various dampers, armor 
rods, new types of suspension clamps, and 
so forth. Conductor stress analyses and 
fatigue tests also are proposed on the various 
types of conductors used by BPA. Also stress 
analyses of the conductor overhead ground 
wire and steel towers will be made with the 
use of strain gauges under vibration condi- 
tions in the fields 

BPA is ‘developing, through the facilities 
of Oregon State College, an improved type 
of vibration recorder. This recorder, like 
present recorders, will be used on energized 
transmission lines. However, it will be 
provided with weekly charts rather than 
daily and will record frequency simul- 
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' Commission 


taneously with the amplitude without re- 
course to wind direction and velocity. 
Another type of hot-line recorder being 
developed will record the vibration wave 
shape. 


Aeolian Vibration Combines with Gallo 
ing to Speed Failures in Conductors; 
A. E. Davidson (The Hydro-Electric Power 
of Ontario, Toronto, Ontario, 
Canada). 

Except for the application of absorbers, 
reinforcements, and other types of sup- 
pression, there is, as yet, no recognized 
solution for the destructive effects of both 
aeolian vibration and galloping, under glaze 
loads, to the material; these effects fre- 
quently make transmission lines inoperative. 

Theoretically, it could be assumed that 
aeolian vibration, over long periods, breaks 
one or more strands of a cable at or near the 
top or bottom of a conductor in its normal 
position. If these glassy fractures are found 
at the top and bottom of a fracture and if 
they are interspersed through the balance of 
the strands of a conducting cable, then it can 
be assumed that both types of fatiguing and 
stress had, at one time or another, worked on 
the cable at its weakest point. 


The Use of IBM Punched Card Devices 
‘for Distillation Calculations; Arthur Rose, 
Theodore J. Williams (The Pennsylvania State 
College, State College, Pa.). 

A distillation column or tower is made up 
of a number of discrete units or plates, each 
containing a limited amount of liquid. 
Each plate receives vapor from the plate 
below and discharges vapor of somewhat 
different composition to the plate above. 
Simultaneously, liquid is received from the 
plate above, and other liquid overflows to 
the plate below. A basic computational 
problem is to obtain the compositions at a 


- given point in the column when composition 


at some other potnt is known and when 
values also are known for the rates of flow 
and the characteristics of the liquid mixture 
and of the devices for mixing liquid and vapor 
on the plate. 

The process is most laborious when many 
plates (50 to 100) are involved, since equa- 
tions then must be used as many times as 
there are plates, or the graphical procedure 
must be carried through an equivalent 
number of steps. Often circumstances re- 
quire repetition of the process as part of a 
larger trial and error solution. 

Automatic digital computers are ad- 
mirably suited to these calculations, since 
cumulative errors are held to very small 
values, human errors are eliminated, high 
speeds of calculation are achieved, and all 
circumstances can be taken into account. 


Current Loadings for ACSR Conductors; 
A. S. Runciman (The Shawinigan Water and 
Power Company, Montreal, Quebec, Canada). 
On occasion it has been necessary to carry 
currents which are well above those normally 
specified and above economic ratings for 


aluminum-cable steel-reiinforced conductors. . 


Test data have been collected from lines 
in normal service at high loads and also from 
special outdoor arrangements. Wind direc- 
tion and velocity were recorded as well as 
temperature rise and current. 
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' Temperature rise versus current plotted 
on a log-log graph form is almost a straight 
line. The plot of test data shows a dis- 
placement depending on air movement to 
be added to the temperature rise versus 
current data supplied by cable manufac- 
turers for still air conditions. 

Multilayer stranding for one size of 
conductor made no appreciable difference 
in temperature rise at high currents. 


Line Structures for 66,000 WVolts—An 
Established Subtransmission Voltage in 
New England; C. A. Booker (New England 
Power Service Company, Boston, Mass.). 

The early 66,000-volt transmission system 
in New England has been superseded by 
higher voltage lines for the transmission of 
power in bulk. However, the original sys- 
tem now comprising over 700 miles of circuit 
will remain in service as subtransmission and 
will be added to as circumstances indicate. 

Before 1924 it was most common to erect 
double circuit steel tower lines with either pin- 
type or suspension-type insulators. On such 
lines approximately 60 per cent of all light- 
ning disturbances affect both circuits. The 
higher voltage transmission system makes it 
feasible to feed nearly all 66,000-volt lines 
from both ends which, with proper sectional- 
izing switches, assures nearly uninterrupted 
service to all important loads. 

During World War I some lines were con- 
structed on wood poles with such satisfactory 
service results that wood construction is pre- 
ferred now. A number of new types of lines 
have been developed to take advantage of the 
impulse insulating characteristics of such 
wood. 

The “K Frame” is a double-pole double- 
circuit line having wood crossarms and double 
purpose braces resembling the letter K face 
down. This type has been highly satisfac- 
tory where two circuits must be carried on one 
structure. 

The ‘‘Polarm’’ is a double-pole single-cir- 

cuit structure with a wood-pole crossarm. 
One of the vertical poles is placed at the end 
of and extended ten feet above the crossarm 
to carry an elevated aerial ground wire. 
This type provides lightning protection 
equivalent to about 15 discs on a steel line. 
‘ The ‘Offset Wood Bayonet” is a single- 
pole modification of the Polarm principle for 
application on lines having light conductors. 
It provides lightning protection equivalent 
to about ten discs. 


Operating Experience with Ground Dis- 
tance Relays; A. P. Osbern, P. L. Dandeno 
(The Hydro-Electric Power Commission of On- 
tario, Toronto, Ontario, Canada). 

Operating experience given by ground dis- 
tance relays on the 25-cycle system of the 
Hydro-Electric Power Commission of On- 
tario is discussed. The period covered in the 
records presented is for the past 15 years, al- 
though this type of relay scheme has been 
employed for 22 years on the 230-kv 25-cycle 
system and for 18 years on the 115-kv 25- 
cycle system. 

The 115-kv 25-cycle system is resistance 
grounded at about six’ main points on this 
network; the lack of proximate grounding 
sources at some of the busses has discriminated 
against a better record of correct operations 
than 85 per cent. The 230-kv 25-cycle sys- 
tem record is better than 85-per cent correct 
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operations since this network is solidly 
grounded; the record for 2-terminal line 
operation only on the four 230-kv circuits 
considered showed an average of 95.6-per 
cent correct relay operations. 

The experience gained by the Commission 
indicates that a definite field of application 
exists for this type of ground relay protection 
especially where nonsequential fault clearing 
can be tolerated and carrier current expense 
is unwarranted. 


A Special Purpose Analogue Computing 
System for the Radar Triangulation Prob- 
lem; R. E. Langworthy, R. M. Byrne (Good- 
year Aircraft Corporation, Akron, Ohio). 

This computing system employs general 
purpose analogue computers, as well as a 
number of special purpose devices, to solve 
the radar beacon triangulation problem. 
The computer is designed to accept range 
information from five radar beacon triangula- 
tion stations and to produce automatically a 
plot of position of an airborne target beacon 
in rectangular co-ordinates as a function of 
time and as a function of one of the co-ordi- 
nates. In addition, the co-ordinate velocities 
may be plotted as a function of time. 

The basic unit of this computing system is 
the Goodyear Electronic Differential Analy- 
zer (GEDA). This general purpose ana- 
logue computer is normally used for solving 


_linear differential equations with constant 


coefficients. The heart of the GEDA is a 
group of 20 direct-coupled amplifiers which 
have a gain of 70,000 and a maximum out- 
put signal level of +100 volts. The input 
grid current is less than 5 X 1071! ampere, 
and the drift is less than 200 microvolts per 
hour equivalent input signal. 

Special purpose devices used in the system 
include transducer units, which convert pulse- 
time data to d-c form, and servomultipliers 
for obtaining solutions to the nonlinear equa- 
tions to be solved. The accuracy of the con- 
version from pulse-time to direct current is on 
the order of 0.05 per cent, as is the accuracy of 
the products obtained by the multipliers. 
The output data are recorded on plotting 
boards, producing both time and trajectory 
position plots, and on potentiometer recorders 
for co-ordinate velocities. 

In flight test programs the system is par- 
ticularly useful in the study of various types of 
pilotless aircraft where instantaneous knowl- 
edge of position and velocity is extremely 
important to the ground observer. 


Speaking of Electric Distribution System 


Expansion; H. C. Swannell (J. E. Sirrine 
Company, Greenville, S. C.) and J. P. Reece 
(R. J. Reynolds Tobacco Company, Winston- 
Salem, N. C.). 

In 1948, the R. J. Reynolds Tobacco Com- 
pany of Winston-Salem, N. C., placed in 
operation their Bailey Power Plant 2 contain- 
ing a single 12,500-kw turbine-driven genera- 
tor to operate in conjunction with an existing 
10,000-kw 2,400-volt plant adjacent to it. 
Looking forward to a future installation of a 
second unit in their Plant 2 of at least equal 
capacity and of becoming the central source 
of all electric power and steam requirements, 
the new unit was made to operate at 13,800 
volts. The two plants are interconnected 
with bus-tie transformers, one section of the 
distribution changed to 13.8-ky distribution, 
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another section changed from 2,400 volts to 
4,160 volts, and 2,400 volts were retained for 
certain other services. Both the 13.8-kv and 
4,160-volt systems have grounded neutrals 
through grounding transformers. 


Various Cathodic Protection Applications 
Using Graphite Anodes; J. P. Oliver 
(Union Carbide and Carbon Corporation, Cleve- 
land, Ohio). 

Corrosion is an electrochemical phenom- 
enon that can be controlled by making 
the corroding metal a cathode in an elec- 
trolytic cell, This method of control is 
known as cathodic protection. In this 
manner, corrosion is completely arrested or 
greatly reduced on pipe lines, tank farms, 
chemical equipment, ship hulls, lead-covered 
cables, water mains, water tanks, and marine 
structures. Graphite anodes, because of their 
high electrochemical equivalent, find appli- 
cation in cathodic protection, for they give 
long life as well as being economically attrac- 
tive because of their low cost and ease of 
installation. . 


Selection of the Electric Motors for Oil Well 
Beam Pumping; J. NV. Poore (General Elec- 
tric Company, Dallas, Tex.). 

The beam or “sucker rod’? method of 
pumping is used on approximately 90 per 
cent of all pumping oil wells. The beam- 
pumping unit is, in many cases, powered 
with a squirrel-cage a-c high-starting-torque 
electric motor. 

The normal slip a-c motor having approxi- 
mately 250 per cent starting torque is the 
most commonly used motor for beam-pump- 
ing service. The medium- and high-slip a-c 
motors, with even higher starting torque, are 
advantageous where it is necessary to mini- 
mize motor current peaks when power is 
supplied from a relatively small generating 
plant or where the well operates at a high 
number of strokes per minute. 

Motors that are reconnectable for three dif- 
ferent horsepower ratings, commonly called 
triple-rated motors, are used in some in- 
stances where it is likely that the pumping 
load will increase over a period of time be- 
cause water encroaches into the oil producing 
reservoir. 

Although totally enclosed fan-cooled mo- 
tors are normally recommended for outdoor 
service, most beam-pumping units use splash- 
proof or dripproof motors outdoors with no 
apparent detrimental effect. Exceptions to 
this procedure are taken in the Gulf Coast 
areas and in areas where heavy snows are 
prevalent. 

A formula for calculating the approximate 
motor horsepower rating required for pump- 
ing a particular well is available. It takes 
into account both the hydraulic horsepower 
required to pump the well and the friction 
horsepower required to operate the pumping 
unit. In addition, it recognizes the heating 
effect on the motor of the peculiar cyclic 
variation in motor current due to the up and 
down strokes of the rods on the beam-pump- 
ing unit. 

Some fairly comprehensive tests have been 
made on motors used for oil well beam pump- 
ing. The purpose of the tests was to deter- 
mine the effect of motor slip on beam-pump- 
ing applications as well as to better evaluate 
the loading conditions on such motors. The 
results of these tests were possibly indicative 
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but not conclusive because of the relatively 
few wells tested. Many more tests of a 
similar nature are required before definite 
conclusions can be made. 


Transient Analysis of Servomechanisms; 
Andrew Vazsonyi (Naval Ordnance Test Station, 
Pasadena, Calif.). 

The conventional transient analysis of a 
servomechanism begins with setting up the 
system of differential equations governing 
the servomechanism and then deter- 
mining the associated characteristic equa- 
tion. The characteristic equation then 
is solved for a set of numerical parameters, 
and the investigator selects the parameters 
yielding optimum performance. If the 
characteristic equation is of high order, a 
considerable amount of work results. 

The method of this paper aims to deter- 
mine directly the optimum performance. 
Suppose, for instance, that the char- 
acteristic equation is of the fourth order. 
By using dimensionless variables, the system 
performance depends on three dimensionless 
coefficients. Assume now that one of the 
parameters (say a spring constant) can beeasily 
varied, that only one of the dimensionless 
coefficients is a function of this variable, and 
that one is interested in the performance of 
the system only when the optimum value of 
this parameter is selected. Then the system 
depends only on two independent variables 
and a chart can be devised depicting the per- 
formance of the system for any value of these 
two parameters. 

Certain special mathematical relationships 
in connection with the third and fourth order 
equations have been developed, and the 
analysis of the following specific applica- 
tions is possible: (1) steam turbine governor; 
(2) angular positioning mechanism; (3) vari- 
able voltage angular positioning mechanism; 
and (4) electric turret traversing mechanism 


Sagging Conductors in a Series of Inclined 
Spans; H. H. Rodee (Aluminum Company of 
America, Pittsburgh, Pa.). 

To obtain the correct sags in a series of 
spans, the horizontal components of tension 
must be equal in all spans between dead ends. 
On asteep incline this cannot be accomplished 
while the conductors are hanging in the string- 
ing blocks, which are free to turn, because the 
blocks will deflect in the uphill direction and 
there will be a horizontal component in the 
stringing block itself. 

The Nantahala Power and Light Company 
solved this problem, on a line built in North 
Carolina in 1941, by installing the suspension 
clamps at locations found by applying meas- 
ured off-sets at the points of support. 

The conductors were pulled uphill through 
stringing blocks suspended from the cross- 
arms, and dead ends were permanently in- 
stalled at the first tower at the foot of the in- 
cline. Slack then was pulled uphill until the 
correct sag was obtained in the first span from 
the dead end. While in this position the 
tensions increased progressively from one span 
to the next by an amount equal to the horizon- 
tal component in the stringing block at each 
tower. Sags were therefore too small and 
lengths of conductor too short in all spans 
except the first from the dead end. 

Off-sets were measured and marked on the 
conductors at each tower to provide the addi- 


tional length required in each span. Dead 
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_a thorough discussion of motor drives. To- 


ends then were installed at the last tower in 
the series at the top of the incline, and the 
installation was completed by installing the 
suspension clamps at the marked locations at 
the intermediate towers. After this work was 
done the insulators swung to a vertical posi- 
tion and the sags checked closely with the cal- 
culated sags. 


Design and Operation of Generating Sta- 
tion Auxiliaries for Power System Relia- 
bility; W. R. Brownlee, J. A. Elzi (Com- 
monwealth Services, Inc., Jackson, Mich.). 

Within optimum economic limits, full out- 
put should be maintained at steam electric 
generating stations during sustained low- 
frequency and low-voltage conditions which 
result from infrequent major system distur- 
bances. The design and operation of elec- 
trically driven auxiliaries can provide for such 
emergencies. 

During recent years some 16 system dis- 
turbances which occurred in a large inter- 
connected area were of sufficient importance 
to warrant special consideration and analy- 
sis. The connected generation of the 
affected area ranged from 16,000 megawatts 
to 1,600 megawatts and the generation 
drop varied from 100 to 400 megawatts. 

From a study of system and plant perform- 
ance during these disturbances, from test 
data obtained on intentional reduced voltage — 
operation of a large modern steam electric 
unit, and from theoretical considerations, 
some conclusions regarding this problem have 
been drawn. 


1. The reliability: of electric drives prop- 
erly designed has been demonstrated. 

2. Appropriate margins in auxiliary 
drives must be provided. 

3. Margins designed into auxiliary drives — 
for other contingencies may also provide a 
substantial portion of the margin required 
during sustained system disturbances. 

4. Observation of some major system dis- 
turbances shows frequency reductions from — 
0.2 per cent to 5.0 per cent. 

5. An analytical approach weighted by 
tests and operating data indicates that station 
auxiliary systems should be designed to pro- 
vide for maximum generation with 

a. System frequency five per cent be- 
low normal. 

6. Simultaneous voltage 80 per cent 
of normal (equivalent to an additional 
1-per cent low frequency at normal volt- 
age). 
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Large Motors for Power House Auxiliaries; 
Quentin Graham (Elliott Company, Inc., Ridgway, 
Pa.). A 

Five years ago, the AIEE held a sympo- 
sium on central station auxiliaries, including r. 


day, most of the ideas and opinions expressed 
in the 1945 meeting would be unchanged. 
The matter of reliability under conditions of 
dirt, moisture, and continuous usage was then, ft 
and is still, uppermost in the minds of operat- 
ing engineers. 

Progress in powerhouse auxiliary motors 
over the past five years has been largely along 
two paths: (1) Development of motors for 
outdoor service; and (2) Development of 
totally enclosed fan-cooled motors in the lar- 
ger sizes. 

With the greatly increased use of outdoor 
power stations, it became evident that ordi- 
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nary splashproof motors were not protected 
sufficiently for this service, particularly in 
regions where wind and rain achieved hurri- 
cane proportions. To meet these conditions, 
various protective devices were added to the 
inlet and outlet openings, but while these 
enclosures had some degree of success they 
were at best makeshifts. Finally, an inte- 
grated design was attempted, with the result 
that a satisfactory weatherproof motor was 
developed. Tests on these new motors under 
fine water spray, direct fire hose, and other 
storm-simulated conditions, have shown that 
water is excluded completely from the wind- 
ings. 

In the larger size totally enclosed fan- 
cooled motors, because of the inherent lower 
ratio of surface to volume, it becomes neces- 
sary to use a more elaborate means of cooling 
than is required for smaller motors. A num- 
ber of solutions are available, and the, choice 
between them becomes a matter of reliability 
and ease of maintenance. 

The motor described was developed for 
station auxiliaries for either indoor or out- 
door installations. It has a separate air-to- 
air cooler which is readily removable for 
inspection, cleaning, or replacement, or may 
be easily cleaned in position. 

Normally thecoolers are'placed at the top of 
the motor, thereby minimizing the floor 
space which is required. Other cooler lo- 
cations are possible, although economy of 
floor space is generally of more importance 
than head room. 

For outdoor stations, the outdoor splash- 
proof motor is the least expensive type that 
meets the minimum requirements for the serv- 
ice desired. Still better protection against 
dirt and moisture, but at an additional 
cost, is provided by totally enclosed fan- 
cooled motors. 

The choice of type will have to be made by 
operating engineers, who must balance relia- 
bility and maintenance costs against added 
investment. The motor manufacturer stands 
ready to supply both types. 


The Effect of Frequency Reduction on 
Plant Capacity and on System Operation; 
H. A. Bauman, G. R. Hahn, C. N. Metcalf 
(Consolidated Edison Company of New York, Inc., 
New York, N. Y.). 

At times there may be a deficiency of 
generation which makes it impossible to 
meet current needs. It is well known that 
reduction of voltage will reduce the load, 
and this has been applied in many instances 
as a load relief procedure. It has been 
proposed and some systems have utilized a 
reduction in frequency as a means of reducing 
load. 

Tests were made in order to determine the 
effect of reduced frequency on plant capacity 
with special regard to cases where, by reason 
of some emergency, there is a deficiency of 
generation and the system frequency de- 
creases. 

The major effects of a 10-per cent reduc- 
tion in frequency on steam generating station 


capacity and on interconnected systems are: 


1. The reduced speed of motor-driven 
generating station auxiliaries, such as fans, 
pumps, and mills, will bring about a re- 
duction-of plant output by as much as 30 
per cent, whenever these auxiliaries are 
operating at maximum capacity. 

2. Turbine capability is reduced ap- 
proximately one per cent, which may prove to 
be a serious limitation in an emergency. 
Due to the limited range of turbine governor 
speed changers, difficulty in synchronizing 
additional generators to the bus will generally 
occur when frequency is two to five per cent 
below normal. 

3. Generator efficiency is very slightly 
affected; however, reduced speed of the 
generator cooling fans will reduce the 
capacity of the cooling system, which may 
affect the thermal limits of the machine. 

4. Reduced frequency at any point of a 
system pulls down the speed of the entire 
interconnection. This is in marked contrast 
to the effective use of voltage reduction 
wherein it is possible to localize the voltage 
reduction to the area requiring load relief. 

5. The characteristic of connected load 
will affect the results obtained by frequency 
reduction. ‘Tests made on the Consolidated 
Edison System show that a frequency re- 
duction of three per cent, with bus voltage 
kept constant, produced no measurable 
load change. 

6. Since frequency reduction results in 
no-load rejection on the system but 
introduces the liability of reduced plant 
output, Consolidated Edison Company uses 
voltage reduction as the initial means of 
obtaining load relief, and if this proves to be 
insufficient, then blocks of customer load are 
dropped. 


Problem Preparation for a Digital Com- 
puter; D. H. Gridley, B. L. Sarahan, J. S. 
Seward (Naval Research Laboratory, Washington, 
DIC 

The Naval Research Laboratory Elec- 
tronic Digital Computer (the NAREC) is 
a high-speed parallel-type digital computer. 
This complex combination of electronic 
circuits is an efficient and useful device for 
computation only if the machine is provided 
with the proper instructions necessary for the 
desired numerical solution. An instruction 
to the machine specifies the operation to be 
performed as well as the location of the 
number involved in the operation. Such 
instructions provide for the arithmetic 
operations, the insertion and extraction of 
information, and the transfer of numbers 
between circuits of the NAREC. Normally, 
the control section of the computer executes 
these instructions in a sequential manner 
but orders are provided to alter this sequence 
if desired. 

The numerical solution of the simple 
differential equation 


LotReae 
dt 


which describes the condition of dynamic 
equilibrium for a series-connected resistance- 
inductance circuit, serves as an example of 
the combined use of these instructions. A 
hundred values of i can be computed on a 
machine with the planned capabilities of 
the NAREC in less than 0.25 second. The 
complete computation requires about 5,400 
operations (but only 147 instructions, since 
most instructions are used several times). 
Additional processing of the input and output 
data increases the total computation time 
to five seconds. 

A considerable amount of labor is involved 
in formulating and coding a problem for 
solution on a high-speed computer. The 
point at which this effort becomes justified 
depends on the complexity of the problem, 
the type of machine available, and the skill 
of the programmer in placing the problem 
in a form suitable for a given machine. 
The accuracy of the results obtainable on a 
machine of this type are limited only by the 
accuracy of the input information and the 
mathematics of the problem. 


Selection of A-C Motors for Driving Oil 
Well Pumping Units; M. H. Halderson 
(Phillips Petroleum Company, Bartlesville, Okla.). 

Many types of a-c motors are used to drive 
oil well pumping units. The diversity of 
choice of motors suggests that the various 
types are equally desirable, but this is not 
the case. Experience and a more funda- 
mental approach to the evaluation of motors 
for oil well pumping substantiate the con- 
clusion that five- to eight-per cent slip motors 
in a dripproof or protected frame should be 
purchased for installations where 3-phase 
power is available. Two-value capacitor- 
type motors in a dripproof or protected frame 
are preferred for the small per cent of 
installations where single-phase power must 
be used. 

Motors with five- to eight-per cent slip 
are preferred for driving pumping units 
because they have the best starting charac- 
teristics and because, compared to normal 
slip motors, they will carry 35 per cent more 
load per name plate rating, will operate with 
20 points higher power factor, and will 
operate with 25 per cent less peak power 
input. Dripproof or protected frame motors 
are preferred because motors built in these 
frames have the greatest thermal capacity 
per dollar invested and because experience 
has shown that these frames provide ample 
protection for outdoor operation. 

Because of high power peaks and the wide 
load variation, motors installed on pumping 
units cannot average an output equal to 
name plate rating without being thermally 
overloaded. Based on 17 tests in the field, 
the recommended procedure for sizing the 
two types of motors most frequently used 
for oil well pumping is to assume that five- 
to eight-per cent slip motors can average an 
output equal to 76 per cent of name plate 
rating and that normal slip motors can 
average an output equal to 56 per cent of 
name plate rating. 
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Field Vibration of a Large Frequency Changer 


W.. M.. H.. BALLANTYNE 


MEMBER AIEE 


LARGE FREQUENCY CHANGER was installed 

in 1934 at the Safe Harbor Power Station to supply 
25-cycle power to the Pennsylvania Railroad. It consists 
of a 24-pole 3-phase 60-cycle synchronous motor rated 
at 29,000 kva at 90 per cent power factor solidly coupled 
to a 10-pole single-phase 25-cycle generator rated 31,250 
kva at 80 per cent power factor. 

When placed in service the machine performed ‘satis- 
factorily. There was only a small amount of 50-cycle 
vibration caused by the single-phase torque. 

In 1937, it was thought advisable to retighten the split 
of the core. The, machine continued to operate satis- 
factorily until 1939 when the effect of vibrations became 
noticeable on the windings and end bells. After a further 
increase of the amplitude of vibration a thorough investi- 
gation was made which showed that: 


1. The fundamental frequency of the vibration was 
50 cycles per second, the same as the frequency of the 
magnetic forces produced by the armature flux. 

2. The vibration existed only when the field was on 
and was nearly proportional to the field current. 

3. The amplitude of vibration did not change when 
the load was increased from 0 to 15,000 kw. This indicated 
that although the vibrations were of magnetic origin they 
were not caused by the leakage flux of the end windings. 

4. The vibration of the end bell was proportional to 


the stator vibration and reached a large value at the ° 


normal speed of 300 rpm, thus indicating a condition of 
resonance near this speed. The resonant point was found 
to change with field current and armature temperature. 


It was concluded that the end bell vibrations were 
caused by the stator vibration resulting from the large 
magnetic forces acting on the split. The resonance condi- 
tion is changed by the pressure in the split, resulting from 
the split bolt tightness, core temperature, and field strength. 
This explained the original freedom from vibration and 
the change in resonant condition caused by the retightening 
of the split bolts and the reducing of the water flow in the 
coolers which resulted in higher core temperature. 

Further analysis of the problem showed that the easiest 
way to eliminate vibration was to move the natural period 
of vibration of the stator away from the operating speed. 
This was done by-putting a heavy steel support under the 
stator. The stator vibration was reduced at normal speed 
from 0.0085 to 0.001 inch, and the end bell vibration near 
the shaft reduced to 0.006 inch. 

A similar investigation made on the stator of the 60-cycle 
motor showed that it was entirely free from vibration. 
Building up.of appreciable vibrations is prevented because 


the smaller core size results in much smaller magnetic forces . 


and the stator frame is supported-on a cradle securely 
bolted to the foundation. 
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Ballantyne, Allen, Baudry—Field Vibration of a Large Frequency Changer 


R.A... BAMA Xe 


Indications of rotor vibrations were first noticed during 
the early stator vibration investigations when fatigue 
cracks were found on field leads and pole punchings. ‘The 
presence of red iron-oxide dust indicated that the poles 
were vibrating relative to the spider. 

DeForest scratch gauges were installed on the poles and 
spider. Some of the scratch gauges were provided with a 
triggering device which permitted taking readings under 
any desired operating condition. 

These tests showed that the pole moved away from the 
spider at normal speed; in addition, there was vibratory 
motion of the pole relative to the spider consisting of a 
5-cycle motion caused by gravity superimposed on a 50- 
cycle motion caused by the single-phase torque. 

An analysis made following the scratch gauge tests 
showed that to eliminate pole vibration it was necessary 
that the base of the pole would seat tightly against the 
spider at normal speed by preloading the dovetail equal 
to or greater than the centrifugal force of the pole and 
coil at normal speed. It was also shown that for such a 
long pole the axially driven dovetail wedges did not have 
sufficient cross section to overcome the friction forces 
which would occur while producing the required pre- 


loading of the dovetail. 


Use of a novel type of self-tightening tangential wedges. 
placed between the pole and the spider made it possible 
to obtain the necessary preloading of the dovetail. 


ee ee ee a 


These wedges were tightened by running the machine — 


15 per cent overspeed, thus raising the pole away from the 
spider, and allowing the new wedges to be driven tangen- 
tially by springs. When the speed was reduced to normal, 
the pole became firmly seated on the tangential wedges. 

Measurements by means of scratch gauges made follow- 
ing the installation of the tangential wedges and after 
several. years of operation showed that the pole rocking 
and resulting trouble had been eliminated. The tangential 
wedges can be retightened very easily by running the 
machine at 15 per cent overspeed. 

On the 60-cycle 3-phase motor the gravity forces and 
the pulsating torque are much smaller than on the 25-cycle 
single-phase generator. Scratch gauge measurements made 
on the poles of this 60-cycle machine showed that the pole 
rocking which could be detected at maximum load was 
practically negligible, . . 


. As large slow-speed machines ‘cannot be assembled in 


the plant, minor adjustments must be made in the field. 


Digest of paper 50-199, “Investigation and Elimination of Unusual Vibration in the 
Field on a Large Single-Phase Frequency Changer,” recommended by the AIEE 
Committee on Rotating Machinery and approved by the AIEE Technical Program 
Committee for presentation at the AIEE Middle Eastern District Meeting, Baltimore, 


_Md., October 3-5, 1950, Scheduled for publication in AIEE Transactions, volume 69, 


1950. 
W. M. H. Ballantyne (deceased) was with the Safe Harbor Water Power Corporation, 


’ Baltimore, Md.; J. E. Allen (deceased) was with-the Safe Harbor Water Power Cor- 


poration, Lancaster, Pa.; and R. A. Baudry is with the Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa. : 
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Peort ure: ACTIVITES 


Sixty Technical Sessions Scheduled 
for Winter General Meeting 


, Plans for the 1951 Winter General Meet- 
ing to be held during the week of January 
22-26, 1951, are rapidly taking shape. 
The meeting headquarters are at the Hotel 
Statler, Seventh Avenue and 33rd Street, 
New York 1, N. Y. 

The technical program will consist of 
approximately 60 sessions.... Among. ..these 
is one sponsored by the Committee on 
Telegraph Systems in which papers +will be 
presented on An Electronic Time Division 
Multiplex Telegraph Set, A Teleprinter 
Signal Bias Meter, and a Nationwide Tele- 
graph System Using Frequency-Modulated 
Carrier Equipment. An additional session 
is being sponsored by the subcommittee on 
Electrostatic Processes in which it is expected 
that papers on particle charging in electro- 
static precipitation will be given. The 
theoretical aspects of the particle charging 
both by electrical impact and by diffusion 
of ions will be covered, plus a review of 
laboratory and field experimental results. 
A paper in this same session is entitled 
Distribution of Charge in Electrostatic 
Separation in which the measurement of the 
charge, the graphical relationship in the 
deflection data, the charge versus deflection 
distance, and the deflection data and the 
normal law data are compared. An addi- 
tional paper is expected on the Electrostatic 
Sources of High-Energy Ionizing Power. 

The Committee on Substations has two 
papers promised which will discuss the 
Considerations —That Led to Radial Dis- 
tribution with Bus Regulation. in Preference 
to Primary. or Secondary Networks in the 
City of Los. Angeles, and the Isolation of 
on Electric Transit Distribution 
Systems. Two additional papers will be 
_ presented on the subjects of.-The Trend 
~ Toward Bus Regulation on the System of the 
Detroit Edison Company and Direct Current 
Power Supplies. 

A symposium on magnetic materials at 
high frequencies is scheduled in which four 
papers on the properties, production, and 
measurement of these materials will be 
discussed by prominent authorities in this 
field. Four outstanding scientists will also 
take part in a session on radiation detection 
devices including a discussion of the tubes 
as well as the apparatus itself. 


TENTATIVE SCHEDULE 
Monday, January 22 


Safety 
Basic Sciences 


Relays and Instrument Transformers 
Instruments and Measurements 
Electronic Power Converters 


Tuesday, January 23 


Relays and Industrial Power Systems 
Electrical Properties of Gases 
Tastruments and Measurements - 
Magnetic Materials 

Chemical Industry 

Industrial Control 


Therapeutics 
Rotating: Machinery 
Electronic Education, 
Protective Devices 
Cathodic Protection 
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Carbon Brushes - 


Management - 


Wednesday, January 24 


Transformers Communications 
Rotating Machinery Electric Welding 
Electronics Insulated Conductors 
Electric Circuit Theory Education 
Instruments and Measuremen‘s 

Thursday, January 25 

Transmission and Distribution Communications 
Transformers Industria! Power 
Rotating Machinery Substations 


Electronics System Engineering 
Computing Devices Fluorescent Lamps 
Space Heating and Heat Pumps 


Friday, January 26 


Switchgear Communications 
Power Generation Feedback Control 
Electronics Land Transportation 


Transmission and Distribution 


THEATER. TICKETS 


It is expected that tickets will be available 
for various Broadway shows. Those mem- 
bers wishing seats should write AIEE Head- 
quarters at an early date to insure best 
choice of seats and productions. Requests 
should include name of show, date, number 
of seats required, and check to cover cost of 
tickets. In the case of tickets in short 
supply, the right is reserved to allocate seats 


only to members attending from points 


beyond the New York metropolitan area. 
Tickets:for the following shows are not 
available: 


Call Me Madam; Guys and Dolls 


Some current productions and prices are: 


Evening, Matinee, 

Orchestra Orchestra 
Aftairsiot State oe nel niietaee ie $480 ira seta $3.60 
*Gentlemen Prefer Blondes....... GSU0 s screre 3.60 
¥*Kiss' Mei Kates cisccceecneesa a 6200 eas 3.60 
The Lady’ 3 Not for ae iene 4c SOAR 3.60 
Season in the Sun.. cial ohana AD Leelee 3.60 
The Cocktail Patty..5< 055 <0 FBO snc cai 3.60 
The. Happy-Limes.s oy sear 4-80 hers 3.60 
The Member of the Wedding.... 4.80...... 3.60 
Bell, Book and Candle.......... ABO cans 3.60 


* Indicates Musical. 


LADIES’ ENTERTAINMENT 


The Ladies’? Entertainment Committee, 
under the chairmanship of Mrs. R. F. 
Brower, is planning a dinner party with 
entertainment the evening of Tuesday, 
January 23, and has arranged for a Fashion 
Show and Luncheon at the Plaza on Thurs- 
day, January 25. The Fashion Show will 
be staged by Henry Rosenfeld, Inc., New 
York. There will be a Tea Get-Together at 
Ladies Headquarters Monday, January 22. 


DINNER DANCE AND SMOKER 


The dinner dance, always a popular 
highlight of the evening entertainment 
program, will be held in the main ballroom 
of the Hotel Statler on Thursday evening, 
January 25, at 7 p.m. Formal dress is 
requested. More than 350 people attended 
last year’s dinner dance and enjoyed an 
evening of good food, pleasant conversation, 
and general sociability. Dinner tables again 
will be kept clear of the dance floor, allowing 
groups to remain at the same table for the 
entire evening and avoiding the confusion of 
having to move furniture before the dancing. 


Consolidated: Edison Company of New-York, Inc,, photo. - 


The-Times Square area of New York City at night looking north from 34th Street at 


the junction of Broadway and the Avenue of the Americas. 


The: haze of light in the 


upper.right-hand corner is caused by the many signs and marquees of Broadway 
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Reservations may be made with the 
Dinner Dance Committee, AIEE Head- 
quarters, 33 West 39th Street, New York 18, 
N. Y. Each table will seat 10 persons. It 
is expected that tickets will cost $11.00. 

The Smoker Committee, under the 
chairmanship of D. M. Quick, announces 
that the Smoker will be held on Tuesday 
evening, January 23, at the Commodore. 

_ It is urged that members send their reserva- 
tions to the Smoker Committee, ATEE Head- 
quarters, at an early date. Indications are 
that the price will be $8.00 per ticket. 


INSPECTION TRIPS 


The Inspection Trips Committee, under 
the chairmanship of F. P. Josslon, is making 
every effort to make interesting inspection 
trips available, but, because of the security 
regulations currently in effect at various 
plants, definite commitments and an an- 
nouncement of the trips to be offered can- 
not be made at this time. 


HOTEL ACCOMMODATIONS 


Blocks of rooms have been set aside at 
the Hotel Statler (meeting headquarters) 
and near-by hotels for members attending. 
To assure accommodations, reservations 
must be received by the hotel of choice before 
January 12. Requests for reservations 
should be sent early directly to the desired 


hotel, and to only one hotel. A copy of the 
request should be sent to Mr. C. N. Metcalf, 
Chairman, Hotel Accommodations Com- 
mittee, in care of Consolidated Edison 
Company of New York, Inc., Room 1250-S, 
4 Irving Place, New York 3, N. Y. Asecond 
and third choice should be indicated on 
this copy. If requested accommodations 
are not available, the Hotel Accommoda- 
tions Committee will arrange for transfer 
to one of the other hotels desired. 
Hotel rooms have been reserved at: 


Hotel Statler (meeting headquarters) 
7th Avenue, 32d to 33d Streets 


Single room with bath..........++.- $ 5.00 to $ 8.50 
Double room, double bed........-+++ 7.50 to 10.50 
Double room, twin beds..... 9.00 to 14.00 
Parlor suites........eceeeeeeeeeeees 19.00 to 33.00 


Hotel McAlpin, Broadway and 34th 


Street 
Single room and bath..........+.++. 4.50to 8.50 
Deuble room, double bed.......-.-++ 7.00 to 10.50 
Double room, twin beds.........++++ 8.50 to 11.00 
Suites’, coon. Secices sicdeeGalsauisle sie Wao OO! tO> PLO OO 
Hotel Governor Clinton, 7th Avenue 

at 31st Street 
Single room with bath............+. 4.50 to 7.00 
Double room, double bed..........-- 7.00 to 10.00 
Double room, twin beds.... 8.50 to 10.00 


Hotel New Yorker, 34th Street at 8th 
Avenue 
Note: Reservations for arrival 
January 20th or 21st ONLY. Write 
to D. W. Carlton, Director of Sales. 


Program 


‘J. J. Anderson, Secretary; 


Single room, tub and shower..,.....- $4.50 to $8.00 
Double room, double bed.........-++ 7.50 to 12.50 
Double room, twin beds.........++++ 8.50 to 12.50 
Suite accommodations........++++++ 14.00 to 25.00 


Hotel Martinique, Broadway and 32d 


Street P 
Single room with bath...........+.. 3.50 to 6.00 
Double room, double bed............ 6.00 to 10.00 
Double room, twin beds....,........ 6.50 to 10.00 
Two-room suites.......--+++eereeee 10.00 to 18.00 

(Rate for single room with bath 

was listed incorrectly in the Novem- 

ber issue.) 

Hotel Commodore, 42d Street at . 

Lexington Avenue 
Single room with bath............+. 6.00 to 9.00 
Double room, twin beds, bath........ 10.50 to 12.50 


WINTER GENERAL MEETING COMMITTEE 


_ The members of the 1951 Winter General 
Meeting Committee are G. J. Lowell, 
Chairman; C. T. Hatcher, Vice-Chairman; 
W. J. Barrett, 
Budget Co-ordinator; C. S. Purnell, Vice- 
President, District 3, AIEE; C. H. Willis, 
Technical Program; J. D. Tebo, D. W. 
Taylor, D. T. Braymer, General Session; N. 
S. Hibshman, Medals; G. T. Minasian, J. 
B. Harris, Jr., Publicity; C. N. Metcalf, 
Hotel Accommodations; E. R. Thomas, Regis- 
tration; D. M. Quick, Smoker; Mrs. R. F. 
Brower, Ladies’ Entertainment; E. S. Bang- 
hart, Dinner-Dance; F. P. Josslon, Inspection 
Trips; J. B. Paszkowski, Theater-Radio. 


AIEE—IRE Conference on Electron Tubes for Computers 


(In Collaboration with the Panel on Electron Tubes af ne Research and Development Board) 
Atlantic City, N. J., December 11-12, 1950 


Monday, December 11 


9:30 a.m, Computer Experience with 
Electron Tubes 
Chairman: Mina Rees, Office of Naval Research 


Review of AIEE Conference on Electron Tubes for 
Instrumentation and Industrial Use. W. R. ‘Clark, 
Leeds and ' Northrup Company 


Experience with Receiving-Type Vacuum Tubes on 


the Whirlwind Compiter : ject, E. S. Rich, 
Massachusetts Instit fee 


Electron Tube Experience i in IBM, oy A. Gai, E, 
W. Brooke,. international Business Machines Corporation 


Parlorntnces of" Electron Tubes in the ENIAC. 


Wright E. Erion, Homer W. Spencéy eee Proving 
Ground ¥aM 

, ? ghee * 
1:30 p.m.“ Electron Tube Problems 


S. N. Alexander, 


Chairman: 
Standards 


National Bureau of 


Design and Operation of Tubes for Long Life. J. O. 
McNally, Bell Telephone Laboratories 


The JETEC Approach to the Tube Reliability Prob- 
lem. J. R. Steen, Sylvania Electric Products, Inc. 


Cathode Inter-Face Impedance and Its Effects in 
Aged Vacuum Tubes. H. B.. Frost, Massachusetts 
Institute of Technology : 3 


Cathode Impedance and Tube Failure. L, S. Ner- 
gaard, Radio Corporation of America Laboratories 


6SN7WGT and 6AN5; Mutual Conductance Dis- 
persion and the Effect of Low Duty Cycle Operation 


on Long Life Performance, [. Levy, Raytheon Manu- 
facturing Company 


Improved Electron Tubes for Computers. 
Discussion 


Open 


Special Purpose Computer 


8:00 p.m. 
Tubes 
Chairman: A. L. Samuel, International Business Ma- 


chines Corporation 


A Stable Binary Electrostatic Storage Bye A. M. 


Clogston, Bell Telephone Laboratories 


see 


z ‘ 
Recent Experiences with Belective Electrostatic 


*“Menjory Tube. J. Rajchman, Radio’ areas of 


America Laboratories 


The MIT Storage Tube. 
Institute of Technology 


yee Youle, Massachusetts 


The Development: of the Rogers Additron.. T. Van 
Dyk, Rogers Majestic, Ltd. 


A Proposal for a Binary Adder Tube Utilizing Beam 
Deflection Principles. D. H. Gridley, Naval Research 
Laboratory 


Special Cold Cathode Discharge Tube for Counting 
and Switching Applications. M. W. Wallace, J. 
Heney, Federal Telecommunication Laboratories 


A Decimal Counting Tube. 


T. R. Kohler, “Philips 
Laboratories 


New Improvements and Applications in Remtron 
Counter Tube. Frank J. Cooke, Remington Rand 
be a 


Tuesday. December 19 


eee 


9:00 a.m. Tube ae AS and 
Crystal Diode Experience 


Chairman: J. G. Brainerd, University of Pennsylvania 


Design and Manufacture of Electron Tubes for 
Electronic. Computer Service. R. E. Higgs, H. E. 
Stuman, Radio Corporation of America 


Sa) a ee 


ry 


Problems in the Manufacture of Special Tubes for — 


Computer Usage. R. L. McCormack, Raytheon Manu- 
facturing Company 
Development of the 7AK7. R. W. Slinkman, Sylvania 
Electric Products, Inc. 
Application of Germanium Diodes in Computers, 
N. DeWolff, General Electric Company 


SEAC Experience with Germanium Diodes. J, H. 
Wright, R. J. Slutz, National Bureau of Standards 


Crystal Diode Life Experience in the Whirlwind | 


Computer Circuits. 


H. B. Frost, Massachusetts In- 
stitute of Technology 


1:00 p.m. Williams Type Storage 


Chairman: J. H. Bigelow, Institute for Advanced Study 
Tube Experience in the SWAC. H. D. Huskey, Na- 
tional Bureau of Standards 


SEAC Storage Tube Memory System. 
National Bureau of Standards 


The Selection of Cathode Ray. Tubes for Williams 
Storage. J. H. Pomerene, Institute for Advanced Study 


William Davis, — 


Apparatus for Selection of CRT’s for a Williams — 


Storage. David Friedman, National Bureau of Standards 


Theory of Storage in cRT’ 
Toronto 


Comments on Electronic Mechanism in Williams — 


Storage Technique. 
Standards 


A. Holt, 


s. J. Kates, University of — 


National Bureau of © 


_——————— : 7 ; if : t 
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Broad Program Presented at Fall 
General Meeting in Oklahoma City 


The Oklahoma City Section was host to a 
well-arranged Fall General Meeting which 
was held with headquarters in the Skirvin 
Hotel, October 23-27, 1950. In 25 sessions 
122 technical and conference papers were 
presented in four broad divisions of technical 
activities: communication, industry, power, 
and basic sciences and electronics. Some of 
the sessions were particularly appropriate 
to the region in which they were held, such 
as the two on oil and oil well pumping, the 
mining and metal industries session, large- 
scale computing devices and their application 
to the chemical and petroleum industry, the 
industrial power systems session, and the 
conference on cathodic protection. On the 
business side, an all-day meeting of the 
Board of Directors was held, as well as the 
first Forum of Technical Committee Chair- 
men since the expansion of the Technical 
Committee structure (see page 1126), and 
15 other committee_meetings. Other meet- 
ing features included a General Session, 
Joint Luncheon with the Oklahoma City 


Future AIEE Meetings 


AIEE/IRE Conference on Electron Tubes 
for Computers (page 1122) 
Chalfonte-Haddon Hall Hotel, Atlantic City, 
N. J. 

December 11-12, 1950 


ATEE/IRE/NBS Conference on High- 
Frequency Measurements (page 1129) 
Hotel Statler, Washington, D. C. 

January 10-12, 1951 


Winter General Meeting (page 1121) 
Hotel Statler, New York, N. Y. 
January 22-26, 1951 

(Final date for submitting papers—closed) 


Southern District Meeting 

Miami, Fla. 

April 11-13, 1951 

(Final date for submitting papers—January 77) 


North Eastern District Meeting 
Syracuse, N. Y. 

May 2-4, 1951 

(Final date for submitting papers—February 7) 


_ Great Lakes District Meeting 
Madison, Wis. 
May 17-19, 1951 
(Final date for submitting papers—February 16) 


Summer General Meeting 

Royal York Hotel, Toronto, Ontario, Canada 
June 25-29, 1951 

(Final date for submitting papers—March 27) 


Pacific General Meeting 

Portland, Oreg. 

August 20-23, 1951 

(Final date for submitting papers—May 27) 


Fall General Meeting 

Hotel Cleveland, Cleveland, Ohio 
October 22-26, 1951 

(Final date for submitting papers—June 22) 


—————— 
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Chamber of Commerce, dinner-dance, stag 
smoker, a special program for the ladies, 
and inspection trips to nearby industries. 
A total of 1,144 members, guests, and 
students attended the meeting. 


GENERAL SESSION > 


The General Session held on Tuesday 
morning was comprised of three addresses: 
“Welcome to Oklahoma” by H. R. Fritz, 
Vice-President of District 7; ‘The Obliga- 
tions of International Leadership” by Dr. 
H. G. Bennett, President, Oklahoma Agri- 
cultural and Mechanical College; and 
‘Are You an Engineer?’? by President T. 
G. LeClair. The presiding officer was W. 
B. Stephenson, General Chairman of the 
Fall General Meeting Committee. 


Welcome to Oklahoma. A cordial welcome 
to the South West District and in particular 
to Oklahoma and Oklahoma City was ex- 
tended by H. R. Fritz. He explained that 
Oklahoma is a young state and that 
Oklahoma City had its first house some 61 
years ago whereas there were now over 
300,000 homes. Early in the ’20’s, there 
were only two sections, St. Louis and 
Kansas City, in the South West District 
which comprises a very large territory; 
today, there are some 13 sections and 5 
subsections in the district. He compli- 
mented the Oklahoma City Section on the 
arrangements of the meeting, and expressed 
gratefulness for their efforts. 


The Obligations of International Leadership. 
Dr. H. G. Bennett reviewed some of the 
social changes which have taken place and 
the collapse of empires during the Twentieth 
Century. He referred to mass production, 


mass education, social integration, and 
international defense as four important 
factors which are effectuating great social 
change. To meet these changing conditions 
and avoid violent social revolution, Dr. 
Bennett stated that this century must see a 
successful transition from the era of inter- 
national anarchy, which preceded the first 
World War, to an era of international law, 
order, and co-operation, and that this will 
require a moral leadership of the highest 
order. 

In discussing the obligations of inter- 
national leadership, Dr. Bennett pointed 
out that we cannot dictate; we must lead 
through the power of prestige, might, 
economic strength, and intellectual as well 
as moral leadership. He took stock of the 
tools we have available to produce that kind 
of leadership. With regard to military 
preparedness, he made these points: the 
need for universal military training and the 
necessity for going far beyond mere mobiliza- 
tion and training of all American youth; 
protective public health measures; provi- 
sions for adequate specialized training of 
thousands of young people in scientific, 
technical, and commercial fields. With 
reference to economic mobilization, we are 
in somewhat better shape and factory 
conversion can be effected more rapidly than 
was possible in 1940. In regard to inter- 
national economic strength, he cited that 
much has been accomplished in the stabiliza- 
tion of world economy through the establish- 
ment of the import-export banks and full 
participation in the Bretton Woods covenant. 
However, there is need to do more and the 
limited objectives of the old dollar diplomacy 
must be abandoned completely. In regard 
to intellectual leadership, he explained that 
the American policy of universal public 
education of all children has been thoroughly 
vindicated by the necessity for literacy in a 
scientific age. A warning was sounded, 
however, in regard to government and 
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Three of the speakers at the General Session with Professor F. G. Tappan, University 

of Oklahoma, and W. G. Barrett, Chairman of the Finance Committee. From left to right: 

Dr. H. G. Bennett, President of Oklahoma Agricultural and Mechanical College; Pro- 
fessor Tappan; President LeClair; W. G. Barrett; and Vice-President H. R. Fritz 
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Attending the Fall General Meeting in Oklahoma City, left to 
right: Director N. B. Hinson, Junior Past-President J. F. Fairman, 
Vice-Presidents R. A. Hopkins and C. G. Veinott 


industries seriously outbidding the colleges ;. 


for young men and women of exceptional 
talent who should be attracted to college 
teaching. Dr. Bennett gave the highest 
priority of all to moral leadership, pointing 
out that there can be no morals without 
religion and citing the collapse of Germany 
as anexample. Democracy has not outlived 
its usefulness, for no other ideology con- 
ceived or existing meets the requirements of 
changing orders. Democracy alone can 
adjust and readjust and modify its forms and 
processes to the end that all men shall be 
free, shall be secure, and shall have the 
right to hope. 

Dr. Bennett concluded: ‘‘We must be 
strong: in might to make the right prevail; 
in economic foresight, leadership, and 
production, to sustain a starving, ravaged 
world; in intellectual thought and talent, 
to solve the problems of intricate complexity 
which dog a world that is filling up with 
people; in religious and moral conviction, 
to insure that our leadership shall not be 
repudiated. America must not merely 
survive—she must lead the way to a better 
world.”’ 


Are You an Engineer? In an address pre- 
sented before the General Session, President 
LeClair explained that the necessity for a 
definition of an engineer has been brought 
about by the larger amount of complex 
machinery and the rising standard of 
competence required for an ever-increasing 
number of engineers. In the long run, the 
profession would benefit by having a standard 
of competence which would prevent the work 
of unqualified persons from reflecting on the 
name of the profession. The origin of 
engineering was traced historically from the 
time of Archimedes on through today’s 
diversified specialties and organizations. 

President LeClair feels that the profes- 
sion should have a spokesman on questions of 
state-wide or national importance. The 
Institute has taken a leading part toward 
unification among engineers and.was active 
in the formation of the Exploratoy Group 
on Unity in the Engineering Joint Council. 
It was announced that Past-President J. F. 
Fairman is now the Institute representative 
on the Exploratory Group and on the 
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Planning Committee which is doing most of 
the spade work for the larger group. Sub- 
stantial progress has been made, but on 
such a broad subject considerable time will 
be required before a true standard of unity 
can be reached. 

There has been a steady growth over the 
past 50 years in the number of organizations 
which call themselves engineering societies. 
President LeClair pointed out that because 
almost all of them have different standards 
of qualifications for membership and cover 
widely different fields it is time to determine 
where the fringe between engineering and 
some other perhaps equally good endeavor is. 
He spoke of the need to find some common 
core which goes through all of these different 
specialties which can be recognized as the 
necessary foundation for the profession. He 
analyzed and discussed the problem from 
the points of view of fields of endeavor and 
levels of qualifications, considering the 
different degrees in the colleges and the 
different requirements for professional regis- 
tration in the several states. He referred to 
the standards for qualification in the legal 
and medical professions which are more 
uniform, and to the progress the Engineers 
Council for Professional Development has 
made on the problem of adopting a uniform 
standard of qualification for membership in 
the engineering societies, and he expressed 
hope that this problem might be solved in a 
very few years. 

In conclusion, President LeClair con- 
sidered the human side of the problem and 
discussed what constitutes being a good 
engineer. To him, the only true engineer 
is one who wishes to give service to mankind 
far above and beyond the minimum need 
of his job. He also referred to the teaching 
profession as serving just as important a 
role by the inspiration which a teacher of 
engineering imparts to each student to ad- 
vance the art and science of the profession. 


TECHNICAL..SESSIONS © 


Technical sessions were held in four broad 
fields of endeavor: communication, industry, 
power, and basic science and electronics. 
The papers in the session on moderate haul 
telephone and television systems as well as 
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Group of authors at Conductor Vibration Session. Left to right: 
P. G. Wallace, Texas Power and Light; M. B. Elton, Bonneville; 
A. A. Osipovich, Bonneville; J. Lummis, Southern California Edison 


those in the session on communication 
switching systems were particularly appro- 
priate in the region of the meeting. Among 
the several sessions in the power field con- 
siderable interest was evidenced in the 
conductor vibration session held on the first 
day of the meeting. 


Conductor Vibration. Ten papers were 
presented which gave information on the 
latest experiences and corrective measures 
to reduce conductor vibration and mini- 
mize failures attributable to this phenom- 
enon. The papers represented a wide 
geographic distribution of operating ex- 
perience extending in an arc from Bonneville 
in the Pacific Northwest down through 
Southern California, Colorado, Oklahoma, 
and Texas on up to Ontario, Canada. The 
investigations and laboratory techniques of 
wire manufactures also were reparted. One 
possible outcome of the session might be the 
lowering of the sag and tension in overhead 
steel ground wires. However, conductor 
vibration was considered to be still an 


unsolved problem and belief was expressed — 


that much work remains to be done. Any 
solution to date is still not a fundamental 
one and the interest evidenced at the meeting 
should be sustained throughout the industry. 
The session was presided over by A. E. 
Davison of the Hydro-Electric Power Com- 
mission of Ontario. 


Symposium on Supervisory Instruments. Five 
papers were presented in the symposium, 
with J. A. Brooks presiding, which treated 
various phases of this currently popular 
subject which is important in reducing the 
cost of electric power plant operations. 

The first paper, ‘The Supervisory Instru- 
ment—Its Contribution to Centralized Con- 
trol” by T. T. Frankenberg, pointed out 
progress which has been made in the reduc- 
tion of manpower requirements for operation 
of steam-electric generating stations. It 
showed that present-day stations generate 
as much as 50 megawatts per shift operator 
as compared with 7 megawatts per shift 
operator in stations designed 20 years ago. 
The presentation also showed how the 
supervisory instrument has contributed to 
ease in operating steam-electric power plants. 


ELECTRICAL ENGINEERING 


a 


- 


at Pe ae Mie 


ee ee 


Another paper, entitled ‘Centralized 
Control Board for Steam-Electric Generating 
Plants’ by H. L. Lowe and R. L. Hodgkins, 
described a particular design of central con- 
trol board incorporating on one board 
combustion controls, steam turbine controls, 
a-c generator controls, excitation controls, 
and controls for station light and power. 
The board described in the paper is probably 
the most advanced board in existence today. 

The third paper presented, ‘Instruments 
for Detection of Toxic and Explosive Gases,” 
drew attention to the needs for gas and con- 
taminant detectors in power plants, and the 
development of such instruments as well as 
designs now in use were described. 

“Improving Surface Condenser  Per- 
formance T'hrough the Use of Supervisory 


Instruments,’ by J. G. Dobson, described a _. 


group: of instruments which:can’be ‘used for 
indicating and recording condenser per- 
formance. Such matters as condensate 
purity, condenser air leakage, absolute 
pressure on the steam side, and the differen- 
tial pressure between water boxes can be 
indicated and recorded with alarms and 
shutdown mechanisms combined, if desired. 

Another paper, ‘‘High Speed Supervision 
of Process Variables’? by W. E. Belcher, Jr., 
described still another. type of instrument 
which can be used for monitoring one or 
more operating factors such as temperature, 
pressure, flow, and position. These systems 
can have audible alarms and can be set. up 


for continuous loggings or for intermittent. 


loggings for particular conditions. 


Power Generation. ‘The session on Power 
Generation, with B. G. A. Skrotzki pre- 
siding, dealt with a variety of subjects such 
as induced currents in high capacity bus 
enclosures, a continuous scavenging system 
for hydrogen-cooled generators, control of 
gas turbines for power generation, and thrust 
bearing problems. In connection with the 
new system for hydrogen-cooled generators, 
most of the discussion was related to the 
economics; L. P. Grobel, the author who 
made the presentation, explained that the 


tion of lower maintenance costs due to the 
use of less piping and equipment. C. J. 
Fechheimer of Milwaukee expressed the 
belief that some day they would have liquid 
cooling with attendant savings in the founda- 
tions and buildings. 

“Control of Gas Turbines for Power 
Generation,’ which was read by A. G. 
‘Mellor, marked an advance in the subject, 
and presented problems met in putting 
a turbine on the line, taking it off the line, 
and controlling its load. The starting and 
stopping of the gas turbine consists of a 
sequence of steps which must be performed 
in proper time intervals. J. W. Blake re- 
ported on the operation of the gas turbine 
which has been in service a little over a year 
in the Huey station. Operation has been 
very satisfactory and the governing unusually 
good, proving earlier fears unfounded. 

In connection with the presentation of 
the thrust bearing problems paper, a discus- 
sion by Ray Shepherd of the General 
Electric Company was read by C. Concordia. 
One of the points concerned the placing of 
- thermocouples in the oil line to determine 
the bearing loading rather than in the two 
shoes each side of the plate. The author 
replied that the placing of thermocouples in 
the bearing which were connected to a 
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recorder indicated a temperature rise of 200 
degrees in starting which never would have 
been detected with the thermocouples in the 
oil line. 


Electronic System Engineering.. Five papers 
were presented in this session which evoked 
considerable interest. In introducing the 
subject, H. L. Flowers, who presided over 
the session, explained that the papers repre- 
sented new ideas that have been applied to 
systems engineering this year and that they 
record the progress in the applications of 
those ideas. Since the first announcement 
by Norbert Wiener in regard to the mecha- 
nism of body control, interest has quickly 
spread throughout the industry particularly 
in the fields of airplanes, gunfire control, 
and other operations which depend on 


“Some Engineering Aspects of the Mecha- 
nism of Body Control’ for the author, Robert 
Mayne, and the response of the human 
operator to various kinds of inputs was 
illustrated with lantern slides. In con- 
clusion, he explained that an attempt had 
been made to outline a mechanism of body 


control which of necessity was incomplete ~ 


and only consisted of a status control. In 
discussion, Professor Travers of the Massa- 
chusetts Institute of ‘Technology Servo- 
mechanisms Laboratory referred to a pro- 
posed approach to the problem through the 
medium of noise in the: new- laboratory. 
Professor A. D. Moore referred to animal 
dynamics and the need of biologists. for 
assistance in this field. From a personal 
acquaintance with Willie Hoppe, the 
billiard player, he-explained that in a-highly 
trained skill the conscious control drops out. 

An interesting application of information 
theory to the problem of aircraft traffic 
control over a busy airport was presented 
by W. G. Tuller. Such a rapid safe com- 


-munication system from a ground controller 


to aircraft in flight would save the air 
transport companies as much as $500,000 a 
day in event of bad weather over a busy 


: : _ airport. : 
main asset to the user would-be the realiza-. In another paper, ““The Further Develop- © 


ment of Fluid Mappers” by Professor A. D. 
Moore, the latest techniques were described 
and references made to the work of Hele- 
Shaw in England some 50 years ago. Pro- 


Induction of President LeClair 


leader in the electrical industry. 
He was given the name Chief 
Mau-Kodle-An-Oye which, in the 
words of the Kiowa Tribe, means 
“Man with Great Plans.’ Mr. 
LeClair is shown with Chief 
Saunkeah and his wife 
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fessor Moore explained that qualitative 
accuracy can be built into the mapper to 
any degree. In the evening, an actual 
demonstration of the technique used in cast- 
ing the slab and operating the fluid mapper 
was presented before several hundred 
interested persons. In discussion C. J. 
Fechheimer inquired if the fluid mapper 
had been used in cases of turbulent flow, 
which is not linear; he also referred to the 
work of Carter which was done about the 
same time as that by Hele-Shaw. Carter 
used the Schwarz-Christoffel theorem to 
analyze the field theorem. 


Oil Industry Applications. In the field of 
oil industry applications, nine papers were _ 
presented which covered the various design ~ 
and application considerations leading to 
the selection, use, and maintenance of 


tions. The development and operation of 
Reda submergible pumps was described by 
Joe Carle. These multistage pumps with 
motors are designed to small diameters and 
in lengths of the order of 14 to 28 feet for 
lowering in well casings approximately five 
inches, six inches, or eight inches in diameter. 
They are used for deep well pumping. 

A comprehensive report on “How the 
Petroleum Industry Uses Electric Power’ 
was presented by W. H. Stueve and the data 
collected represented many years of ex- 
perience. The paper considered the power 
required in each of four phases of the pe- 
troleum industry: drilling wells, producing 
oil, pipe lines, and refineries. 

Another aspect of the subject concerned 
the geophysical explorations for petroleum. 
The paper was presented by K. E. Burg, 
who described various methods, including 
electrical engineering methods, in use in 
exploring for petroleum. 


CHAMBER OF COMMERCE LUNCHEON 


At a joint luncheon with the Oklahoma 
City Chamber of Commerce, which was well 
attended, President LeClair gave an address 
on the subject of ‘““What Engineers Do for 
Your Business.”? After defining the engineer, 
President LeClair reviewed many of the 
advancements which have contributed to 
our high standard of living: in industry, on 
the farm, and in the home, as well as the 
economic progress. In conclusion, he stated 
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that when you go home in the evening and 
turn on the light, cook, or use the faucet, 
refrigerator, radio, or watch television, remem- 
ber what the engineers have done for you. 

In an impressive ceremony, President 
LeClair was honored by Chief Saunkeah 
of the Kiowa Tribe as a leader in the great 
electrical industry. The toastmaster of the 
luncheon was Dr. John R. Abernathy and 
prayer was lead by the Reverend Donald 
N. Scott. 


ENTERTAINMENT 


The dinner-dance was held in the Persian 
Room of the Skirvin Tower Hotel on 
Wednesday evening. Following the dinner, 
songs were rendered by the Oklahoma City 
University Chorus, with James Nelson as 
director, and some of the music from the 
Broadway hit show ‘“‘Oklahoma”’ was sung. 

The stag smoker was held Tuesday 
evening with entertainment following a buffet 
dinner. 


LADIES’ ENTERTAINMENT 


A special program for the visiting ladies 
was arranged under the chairmanship of 


Mrs. R. F. Danner, with Mrs. R. W. Linney 
as Vice-Chairman. Hostesses were present 
at all times at the Ladies’ Headquarters to 
extend a cordial welcome to visitors. Trips 
were taken to the Oklahoma Historical 
Building on the State Capitol grounds. A 
sight-seeing tour of Oklahoma City was 
made, and there were visits to the Oklahoma 
City Country Club for brunch and the 
Beacon Club atop the First National Build- 
ing. On Wednesday, a tour was taken to the 
art center; on Thursday there was a style 
show and buffet luncheon. 


FALL GENERAL MEETING COMMITTEES 


The Chairman of the General Committee 
was W. B. Stephenson with R. F. Danner, 
F. J. Meyer, and Ralph Randall as Vice- 
Chairmen, and M. C. Reed as Secretary. 
The chairmen of the Working Committees 
which made the arrangements were: Pub- 
licity, Sim Wright; Program, Bryce Brady; 
Inspection Trips, Otis Howard; Sports, J. S. 
Joseph;  Lntertainment, George Larason; 
Ladies, Mrs. R. F. Danner; Finance, J. S. 
Wantland; Hotel, R. L. Jones; and Registra- 


tion, J. A. Taylor. 


Forum of Technical Committee Chairmen 
Held During the Fall General Meeting 


The first Forum of Technical Committee 
Chairmen under the expanded Technical 
Committee structure was held at the Skir- 
vin Hotel in Oklahoma City, Okla., Wed- 
nesday, October 25, with President T. G. 
LeClair presiding. In introducing the sub- 
ject, President LeClair referred to the in- 
crease in the number of technical committees 
and the establishment of divisional commit- 
tees for closer co-ordination. He explained 
that last year the Board of Directors, to re- 
duce the burden of time required for travel 
and extra work, decided not to have ex- 
officio committee members. Problems arising 
at the forum could be laid on the table 
and another meeting of this kind would 
perhaps be held in January. 


BACKGROUND OF TECHNICAL 
COMMITTEE STRUCTURE 


The historical background leading to the 
present Technical Committee structure was 
given by M. D. Hooven, Chairman of the 
Planning and Co-ordination Committee. 
Speaking from long experience in Institute 
affairs and as a Past-Chairman of the 
Technical Program Committee, Mr. Hooven 
outlined the changes which have taken 
place step by step from the late ’20’s through 
the war years up to the present. He 
referred to the Ashville Resolution, adopted 
by the Board of Directors in 1946, which 
provided for the expansion of technical 
activities by grouping the Technical Com- 
mittees in appropriate divisions or groups 
with a steering committee for each group 
fairly compact in numbers and with pro- 
vision for a 25-per cent turnover of the 
steering committee personnel each year. 
The groups met in the morning and went 
to the Technical Program Committee meet- 
ings in the afternoon, which worked out 
very well. During the last five years, the 
membership has increased, the number of 
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sections has increased, and we now have 
over 40 technical committees in five divisions. 
He explained that, in view of this growth, 
the Board of Directors last spring found it 
necessary to do away with the ex-officio 
memberships in order to relieve the burden 
of chairmanships and give younger members 
an opportunity to serve. Several com- 
mitteemen were shocked by the speed of this 
action. Informal discussions were held 
and the best suggestion that arose was the 
idea of the Technical Forum we now have. 


OBJECTIVES UNDER DIVISIONAL OPERATION 


The objectives under divisional operation 
were explained by M. J. Steinberg, Chairman 
of the Technical Advisory Committee. He 
stated that the idea was to permit the closest 
possible co-operation of technical com- 
mittees having a community interest. At 
the same time, the plan should relieve the 
Board of Directors of minor details which 
can be delegated to different people. 

With regard to apprehension that the 
change would tend to reduce the importance 
of technical committee chairmen, Mr. 
Steinberg explained that) their importance 
had been enhanced by the new plan of 
organization and that many who had 
opposed the idea originally were now strong 
supporters. It was better to sit down and 
discuss matters of common interest than to 
conduct correspondence. He explained that 
under the new plan of organization the 
technical committee chairmen have a much 
greater voice in the selection of the personnel 
of their committees, no prerogatives have 
been taken away, and committees can still 
go directly to the Board of Directors although 
such a course probably would not be ex- 
pedient. Under the plan of operation, 
each division would handle conflicts within 
its own group. It was conceivable that 
conflicts might arise between committees 
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in different divisions, in which case the 
matter would be referred to the Technical 
Advisory Group. 

In conclusion, Mr. Steinberg said that 
if the Institute continues to grow he believes 
that further decentralization will be necessary 
and he personally advocated divisional 
conventions as a possible solution. 


TECHNICAL PROGRAM 
COMMITTEE PROBLEMS 

The problems of the Technical Program 
Committee were outlined by C. H. Willis, 
Chairman. He explained that under the 
expanded organization the plan of operation 
of the Technical Program Committee and 
the arrangement of programs for the General 
Meeting had not changed. The forecasts 
of the divisions in regard to the number of 
papers to be expected during the year were 
found helpful in preparing the budget. 

Each of the different classes of papers 
was reviewed by Chairman Willis, namely, 
the Conference paper, the ACO paper,. and 
the Transactions paper. In regard to Con- 
ference papers, no financial problem was 
involved, but for Transactions papers, each 
recommendation posed a serious financial 
problem. Last year, the committee kept 
well within the budget allotment for papers. 
For the current year, a budget providing 
for 275 Transactions papers and 65 ACO 
papers was recommended. 
out that with 25 papers on the Middle 
Eastern District Meeting program and 51 
papers on the Fall. General Meeting program 
there was only provision for 200 more papers 
during the remainder of the year. With 
67 technical sessions tentatively in prospect 
for the Winter General Meeting, conserva- 
tism in recommending papers for the 
Transactions was suggested, the criterion 
being that they should have permanent 
record value. 

Professor Willis explained that with the 


Fall General Meeting papers, the problem — 


was to get them and have them reviewed 
during the vacation season. To meet this 
situation, the closing date for Fall General 
Meeting papers would be advanced to June, 
although this would not solve the problem 
entirely as the reviewing would still have to 
be done during the summer months. 


PROBLEMS OF THE STANDARDS COMMITTEE 


E. B. Paxton, Chairman of the Standards 
Committee, reviewed the history of its 
organizational setup, pointing out that 20 
years ago standards were formulated by 
special subcommittees of the Standards 
Committee and that for about the last ten 


"years, because of the increasing and di- 


versified activity, this work has been per- 
formed predominantly by the Technical 
Committees. Contact with the Executive 


~ Committee of the Standards Committee 


was maintained through automatic ex-officio 
membership of Technical Committee Chair- 
men. The present organization of the 
Standards Committee has been studied in 
the light of the directive of the Board of 
Directors to eliminate all ex-officio member- 
ships and this new organization proposed: 


1. Executive Committee consisting of 
the chairman and 15 or more members 
appointed by the President. 

2. Members as follows: Technical Com- 
mittee Chairmen (or a_ representative 
named by them) who express a desire to 
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become members of the committee. Chair- 
men of Standards Co-ordinating Committees 
and Subcommittees of the Standards Com- 
mittee. Chairmen of AIEE Delegates on 
other standardizing bodies or sole repre- 
sentatives thereon. Presidents of the United 
States and Canadian National Committees 
of the International Electrotechnical Com- 
mission. Liaison representatives. 


This organization plan allows the Stand- 
ards Committee to continue to perform the 
administrative and co-ordinating functions 
which are its duty in so far as standards 
matters are concerned. 


PUBLICATION COMMITTEE PROBLEMS 


In the absence of Dr. McEachron, two of 
the problems of the Publication Committee 
were explained by C. S. Rich, Editor. The 
first of these concerned the fact that more 
than twice as many papers are recom- 
mended for publication in Electrical Engineer- 
ing than can be accommodated within the 
space available. For this reason, the matter 
of what constitutes general interest was 
discussed, as well as the indexes that were 
available from the number of orders for 
certain subjects in the Proceedings papers. 

The second problem concerned a plan 
for divisional publications by a special 
subcommittee of the Publication Committee 
with F, R. Benedict as Chairman. An 
analysis of all 1949 Transactions papers 
indicated that there were not a sufficient 
number of papers in the fields of communica- 
tion, general applications, and industry to 
issue quarterly publications. Another anal- 
ysis of a large sample of Proceedings orders 
indicated that only 11.3 per cent of the 
orders received fell entirely within one 
division, while 21.6 per cent were in two 
divisions, 27.4 per cent in three divisions, 
26.5 per cent in four divisions, and 13.2 
per cent in all five divisions. Furthermore, 
to publish papers bound in quarterlies by 
divisions would delay some of the papers two 
months or more. A calendar of when the 
1949 Proceedings papers were ready for 
distribution indicated that in the field of 
communication, for example, four papers 
were ready in April and five in May, which 
would have been delayed two months and 
one month respectively if a quarterly were 
issued in June. In the science and elec- 
tronics division, one paper would have been 
delayed two months and seven papers one 
month if bound in quarterlies. 


DISCUSSION 


In the discussion which followed, J. E. 
Clem expressed hope that the 25-per cent 
rule for committee turnover in personnel 
would not be applied rigorously, because in 
four years the committee would lose all the 
men who do the work. President LeClair 
replied that the 25-per cent figure was not 
a rule but a recommendation and that, in 
some cases, he had added new names to a 
few of the committees. 

Vice-President C. G. Veinott reported 
that he had heard complaints that the 90- 
day closing date was too long in advance of 
publication and he suggested that ways and 
means should be considered to get papers 
published in less time. He said that there 
were some objections to presentation by title 
only as he knew of engineers who had gone 
to meetings and were disappointed when 
there was no discussion. Mr. Veinott 
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suggested that, when people in the sections 
cannot go to the general meetings, supple- 
mental section meetings might be held at 
which the authors of general meeting papers 
might make trial presentations. Local 
members would become acquainted with 
the authors, and, at the same time, the 
presentations would be improved and 
added publicity would be given to the 
general meetings. 

With respect to publications, W. G. 
Dow, Vice-Chairman of the Science and 
Electronics Division, drew attention to the 
need for a more highly technical type of 
publication which would go automatically 
to perhaps 10 per cent of the membership, 
those doing graduate work and those who 
have graduated recently and taken the 
electronics option. 

Walter Richter drew attention to the 
publications of the Institution of Electrical 
Engineers of England, pointing out that 
they publish material in three parts: 1. 
general, 2. power engineering, and 3. radio 
and communication engineering, and that 
seemed to him a very satisfactory system. 

The Chairman of the Technical Advisory 
Committee, M. J. Steinberg, explained that 
as a member of the Institute he could receive 
a preprint, Electrical Engineering, the Pro- 


ceedings, and the Transactions, and that he 
did not know of any other organization 
which gave more for dues than the AIEE. 

The Forum voted to rotate the chairman- 
ship among those on the panel in alpha- 
betical order. M. D. Hooven presided 
during the remainder of the meeting. E. 
B. Paxton would be Chairman of the next 
meeting, and he was instructed to arrange 
the agenda and correspond with the other 
chairmen on the panel. 

The remainder of the meeting was taken 
up with a lengthy discussion as to the type of 
meeting, national in character, which might 
be arranged for Chicago, Ill., in the fall of 
1952. The American Society of Civil Engi- 
neers has invited the Institute to take part 
in a centennial of engineering at that time. 
In the absence of specific dates and with 
plans for the Fall General Meeting to be 
held in New Orleans that year and for a 
meeting of the Gréat Lakes District in 
Toledo, October 28-30 of the same year, 
a difficult problem was posed. As several 
of the divisional committees and the Tech- 
nical Advisory Committee were meeting later 
in the week, it was agreed that more specific 
information in respect to the type of meeting 
which might be arranged would be sent to 
the Chicago Section at a later date. 


Nucleonic and Medical Papers Presented 


at Electronic Instrumentation Conference 


The third annual joint Conference on 
Electronic Instrumentation in Nucleonics 


-and Medicine, sponsored by the AIEE and 


the Institute of Radio Engineers, was held 
October 23, 24, and 25 at the Park Sheraton 
Hotel in New York, N. Y., with 653 people 
attending. It is not planned to publish the 
papers in pamphlet form. 


EFFECTS OF ATOMIC WEAPONS 


A highlight of the conference was a round- 
table discussion on the subject, “‘Effects of 
Atomic Weapons.’ This session was held 
the evening of October 24, and Dr. W. R. 
G. Baker, General Electric Company, was 
chairman. Members of the panel were 
Dr. William Bale, University of Rochester 
(N. Y.); Dr. H. L. Bowman, Drexel In- 
stitute of Technology, Philadelphia, Pa., 
and Consultant on Civil Defense to the 
Atomic Energy Commission (AEC); Briga- 
dier General J. P. Cooney, AEC; Dr. 
Herbert Scoville, Armed Forces Special 
Weapons Project; and Dr. Fred Reines, 
Los Alamos Scientific Laboratory. 

Dr. Baker took the point of view of the 
man on the street and presented questions to 
the panel in which this mythical man would 
be interested, such as what would he do when 
he is warned of an atomic attack; where 
would he go; what kind of an alert would 
he get; what are some of the after-effects; 
what cities are likely to be attacked; what 
are the authorities doing? 

Each panel member answered one ques- 
tion. General Cooney discussed the evacua- 
tion of casualties and their care. He stressed 
the fact that education and training for the 
layman are the big problems, but they are 
not insurmountable. 

Dr. Bowman described the effects of an 
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atomic bomb explosion in an American city, 
which he thought would fare little better 
than the Japanese cities did in World War 
II. Dr. Reines dealt with the effects of a 
bomb explosion on human beings, stressing 
that secondary burns are the main hazards. ~ 
Dr. Scoville stated that the large casualties 
in Japan were caused by the lack of warning 
so that the populace was subjected to the 
thermal radiations from the bomb explosions. 
This type of radiation can be guarded 
against by ordinary clothing and also by 
taking shelter from the direct effects of the 
blast. He brought out that it is possible to 
work within contaminated areas for short 
periods of time if the amount of radiation is 
known, and this can be measured easily. 

Dr. Bale spoke about the necessity for 
dependable radiation detection instruments 
for proper radiation surveys so that rescuers 
can work within the bombed area safely. 
Such instruments, which do not have to be 
too accurate but must be dependable, are 
available today. 

After these talks, the meeting was thrown 
open to questions from the audience, which 
the panel members answered. Most of the 
questions pertained to what effects might be 
expected on people within bombed areas 
and how casualties could be kept low. 


NUCLEONIC INSTRUMENTS MANUFACTURERS 
GROUP 

At a luncheon meeting on October 24, 
the Nucleonic Instrument Manufacturers 
Group, comprising the exhibitors at the 
Conference, heard Dr. N. H. Woodruff of 
the Isotopes Division, Atomic Energy Com- 
mission, propose a plan whereby a pool of 
nucleonic instruments be formed, a portion 
of which would be loaned to colleges where 
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personnel would be trained in the use of 
radioisotopes. Up to this time the AEC 
has given 17 courses at Oak Ridge where 
544 people have been trained at a cost to 
the Government of $532 each. Four col- 
leges in different parts of the country have 
been asked if they would give courses, and 
while the answers were in the affirmative, 
as they saw the need for training, each would 
require outside help, their greatest need 
being instruments. The group decided to 
appoint a committee to investigate Dr. 
Woodruff’s proposal. 

J. A. Schoke, Nuclear Instrument and 
Chemical Corporation, was elected chair- 
man of the group for 1950-51. L. W. 
Cronkhite, president of the Atomic Instru- 
ment Company, the retiring chairman, D. 
W. Atchley, and Mr. Schoke are three of 
the 5-man General Planning Committee. 
The remaining members of the committee 
will be appointed later. 

Exhibits of nucleonic apparatus, instru- 
ments, and components were shown by 20 
manufacturers of this type of equipment. 
Radiation detectors of all types from Geiger 
counters to small ionization chambers and 
film badges were featured in the exhibits. 
One popular demonstration had a miniature 
traffic light connected to an oscilloscope and 
a push button in such a-way that the observer 
could time his reaction to the light’s chang- 
ing from green to red. 


TECHNICAL PROGRAM 


The technical program was divided into 
three parts: the first day papers on subjects 
in the nonnucleonic phases of electronics in 
medicine were featured; the second day was 
devoted to nucleonics in medicine; and the 
last day covered nucleonic development in 
industry. and government laboratories. 


First day’s sessions. The first day’s 
sessions, which were presided over by Dr. 
Joe Howland of the Atomic Energy Project 
at the University of Rochester (N. Y.), were 
opened by the presentation by W. O. Fenn 
of the paper ‘‘The Needs of Physiology and 
Medicine for Better Instrumentation for the 
Measurement of Respiratory Gases,’ which 
was prepared by Mr. Fenn and R. G. 
Fowler, both of the University of Rochester. 
The need of having easily operated portable 
instruments for obtaining continuous and 
instantaneous records of changes in the 
composition of the gas during a single exhala- 
tion was stressed in this paper. 

“The Analysis of Respiratory Gases with 
Mass Spectrometer’? was written by F. A. 
Hitchcock and R. W. Stacy of Ohio State 
University, Columbus, Ohio, and presented 
by Mr. Hitchcock. To force the residual air 
from the lungs the subject is exposed to an 
explosion. The ‘spectrometer used in this 
study was a permanent-magnet instrument 
with a Philips-type tantalum anode and used 
35 45-volt batteries as a power supply. It 
was accurate to one millimeter of partial 
pressure of gases, and could be made more 
accurate with a sacrifice in reliability. 

“Analysis of Respired Air of the Rat in 
the Mass Spectrometer,’’ written by A. W. 
Pratt, Bernard Burr, Murray Eden, and 
Egon Lorenz, all of the National Institute of 
Health, Bethesda, Md., was presented by 
Mr. Pratt. This experiment was used as a 
nutritional indicator, because the spectrom- 
eter indicated the CO, resulting from the 
oxygen in the food being metabolized. 
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E. D. Palmes of New York University, 
Bellevue Medical Center, New York, N. Y., 
discussed the ‘Application of. an Infra- 
red Gas Analyzer to Problems of Sweat 
Physiology.”” The apparatus could be used 
to give a continuous and almost instantaneous 
record of the evaporative rate from a whole 
body or from small skin areas. 

The process of “The Measurement of 
Oxygen in Gases by Paramagnetism’’ has 
been studied by A. O. Beckman of South 
Pasadena, Calif. Because oxygen has a 
high paramagnetic susceptibility it gives a 
direct measure of oxygen partial pressure 
with only minor corrections for the sus- 
ceptibilities of background gases. 

The afternoon session of this group of 
papers was opened with the description of 
“An Ultrasonic Method for Outlining the 
Cerebral Ventricles.’ This paper was 
prepared by H. T. Ballantine and G. D. 
Ludwig of Massachusetts General Hospital, 
Boston, Mass., and R. H. Bolt and T. F. 
Hueter of the Acoustics Laboratory of 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. It is possible to use ultra- 
sonics to explore the cerebral ventricles 
because the white matter in the brain has an 
attenuation of from two to four decibels per 
centimeter of tissue, while the ventricle 
liquid has only an attenuation of 0.01 
decibel per centimeter. At present the 
power transmitted to the subject is one 
watt per square centimeter, which is harm- 
less. A facsimile printer is used to present 
the picture, which is made up of 300 lines 
and 20 columns. 

“The Medical Physics of External Locali- 
zation of Brain Tumors with Radioactive 
Di-iodo'!-fluorescein” by T. Fields, G. V. 
LeRoy, and Moses Ashkenazy, Veteran’s 
Hospital, Hines, Ill., was presented by Mr. 
Fields. He discussed injection procedures, 
scanning methods, electronic recording de- 
vices, and radiation detection methods. 

In the paper, “The Use of Isotopes in the 
Measurement of Body Fluids,’’ J. L. Nicker- 
son, Columbia University, New York, 
N. Y., told how a radioactive substance was 
injected into the body and samples of fluid 
taken so that the dilution of the substance 
could be measured. 

“Refined Sectioning Techniques for the 
Electron Microscope,’ written by James 
Hillier, Radio Corporation .of America 
Laboratories, Princeton, N. J., and Sloan- 
Kettering Institute for Cancer Research, 
New York, N. Y., and read by S. G. Ellis, 
described the contributions made to the 
field of preparing specimens for study with 
an electron microscope. 


Second day’s sessions. The second day’s 
sessions, which centered on nucleonics in 
medicine, were presided over by Dr. Ward 
Davidson, Consolidated Edison Company 
of New York, Inc., New York, N. Y. First 
paper of this group was “‘General Survey of 
Instrumentation for Health Physics,’’ by 
H. M. Parker, General Electric Company, 
Hanford Works, Richland, Washington. 
The difficulties of realizing fundamental 
conditions in the laboratory and the im- 
practicability of so doing in field measure- 
ments was described in this survey. 

“Calibration of Radiation Detection In- 
struments,’ by L. D. Marinelli, Argonne 
National Laboratory, Chicago, IIl., described 
some of the standard instruments and ex- 
perimental setups for calibrating radiation- 
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measuring instruments and their underlying 
theory. 

W. T. Ham, Jr., Medical College of 
Virginia, Richmond, Va., in his paper 
‘A Calorimetric Method of Measuring 
High X-Ray Intensities,” told how the 
differential temperature rise in a column of 
flowing water exposed to radiation from a 
50-kv 50-milliampere beryllium window 
X-ray tube has been used to determine the 
energy absorption. 

In a discussion it was brought out that 
X-ray radiation measurements from tele- 
vision picture tubes were made by the 
Joint Electron Tube Engineering Council 
for the Radio Manufacturers Association, 
and these tests showed there was no hazard 
to the viewing public. 

In the afternoon session G. S. Hurst and 
R. H. Ritchie, Oak Ridge National Labora- 
tory, Oak Ridge, Tenn., in their paper on 
“Fast Neutron Dosimetry and Related 
Problems,” described a proportional counter, 
which uses an electronic circuit which 
discriminates against gamma pulses from 
the chamber and integrates the recoil proton 
pulses according to their height. Then the 
count-rate reading obtained is proportional 
to the fast neutron dosage received by the 
chamber. 

A paper on ‘New Medical Applications 
of Tracers’? was read by A. H. Holland of 
the Amour Laboratory, Chicago, Ill. E. 
C. Pollard, Yale University, New Haven, 
Conn., gave a progress report of his studies of 
“Physics and Viruses.” In his attempts to 
determine the exact nature of viruses Dr. 
Pollard has used a deuteron beam from a 
cyclotron. He stated for the benefit of 
instrument manufacturers that a hydrogen 
arc was badly needed in his experiments. 


Third days sessions. Dr. Urner Liddel, 
Office of Naval Research, Washington, 
D. C., presided over the closing sessions. 
The first paper was by D. L. Collins, Vic- 
toreen Instrument Company, Cleveland, 
Ohio; D.. Atchley, Tracerlab, Boston, 
Mass., and J. A. Schoke, Nuclear Instrument 
and Chemical Corporation, Chicago, Ill; 
it described the ‘‘Manufacture and Quality 
Control of Geiger Mueller Tubes.” 

A 600-volt boron-line counter tube and 
its characteristics was described in “‘Boron- 
Lined Neutron Counters’? by W. W, Schultz 
and R. M. Lichtenstein of General Electric 
Company, Schenectady, N. Y. The effect 
of filling pressure and anode wire diameter 
on the operating voltage was discussed. 

W. S. Macdonald and E. W. Jervis, Jr., 
of the W. S. Macdonald Company, Cam- 
bridge, Mass., spoke on ‘‘Design of a Com- 
mercial Scintillation Counter’? based on the 
following features: (1) A versatile arrange- 
ment for the phosphors or crystals; (2) A 
method of transmitting the light from the 
crystal to the photomultiplier tubes; (3) 
The reduction of background counts due to 
the dark-current noise of photomultiplier 
tubes; (4) Over-all stability and freedom 
from variations due to line voltage changes; 
and (5) Elimination of spurious counts 
caused by external noise sources such as 
X-ray or diathermy equipment, which might 
be encountered through the use of this instru- 
ment in a hospital. “\ 

In the paper “Testing Photomultipliers 
for Scintillation Counting,” R. W. Engstrom, 
Radio Corporation of America Labora- 
tories, Princeton, N. J., discussed the ad- 
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vantages of the end-on construction and 
transmission-type photocathode of multi- 
plier phototube type 5879 for scintillation 
counting applications and described some 
of the production tests used for controlling 
the characteristics of this tube. 

The afternoon session opened with an 
enumeration of the applications of scintil- 
lation counters by George Cowper, Chalk 
River, Ontario, Canada, in the paper 
“Scintillation Counter Instrumentation.” 
Alpha particle detectors for the location of 
radioactive contamination and for the 
measurement of low specific activity bio- 
logical samples use a zinc sulphide screen as 
the detecting element. The contamination 
detector has a background counting rate of 
only a few per minute and the low-activity 
counter makes between six and eight counts 
per hour. 

“Recent Advances in Electron Techniques 
in Canada,” by N. F. Moody, G. ‘J. R. 
MacLusky, and M. O. Deighton, Chalk 
River, Ontario, Canada, told how the in- 
creasing application of scintillation counters 
has stimulated the development, for the 
millimicrosecond time scale, of basic circuit 
elements such as pulse amplifiers, pulse 
height discriminators, trigger circuits, time- 
base generators, and coincidence mixers. 
It is expected that these techniques will 
find important applications in other fields. 

J. A. Hipple, National Bureau of Stand- 
ards, Washington, D. C., described ‘“‘Recent 
Developments in Mass Spectrometry.” Im- 
provements in this field have resulted from 
the expanding application to routine ana- 
lytical problems. The accelerated use of this 
technique in fundamental research has re- 
sulted in the construction of instruments 
based on entirely new principles. 


COMMITTEE CHAIRMEN 


Committee chairmen for the conference 
were: G. W. Dunlap, Planning; E. Grazda, 
Publicity; J. H. Mulligan, Jr., Finance; David 
Langmuir, Technical Program; R. L. Schoen- 
feld, Local Arrangements; and L. W. Cronk- 
hite, Exhibitors. 


High-Frequency Measurements 
Conference Planned for January 


Arrangements for the second High- 
Frequency Measurements Conference spon- 
sored jointly by the AIEE, the Institute of 
Radio Engineers (IRE), and the National 
Bureau of Standards are being completed. 
The conference is scheduled for, January 10 
to 12, 1951, and is the first scientific gather- 
ing of national scope to be brought to 
Washington in 1951 in celebration of the 
Semicentennial of the National Bureau of 
Standards. The introductory address will 
be delivered by Dr. Edward U. Condon, 
Director of the Bureau. 

A particularly complete treatment of the 
present status and future trends of develop- 
ment in the standardization of frequency 
and time will be a feature of the first session. 
Recent data on the performance of 100-kc 
quartz crystal standards will be disclosed 
and the promising possibilities of a new type 
of crystal operating in the 5- to 10-megacycle 
region will be outlined. A survey of atomic 
time standards will accompany current 
reports from several laboratories working 
in this field. 
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Precise coaxial line measurements, sweep 
methods, and dielectric constant determina- 
tions will be discussed in the Impedance 
session along with a scheme for rapid Q 
measurements at very high frequencies. In 
the Power and Attenuation session several 
authors will deal with various methods of 
absolute and relative power measurements 
at microwave frequencies. Attenuator cor- 
rections, millidecibel determinations, and 
microwave oscillography also will be dis- 
cussed. 

The final session on Measurements of 


' Transmission and Reception will encompass 


such diverse subjects as simulated infinite 
conducting planes and millimeter band 
techniques. A report from Great Britain 
on field strength meters will be followed 
by papers on radio relay, traveling wave tube, 
and piezo crystal measurements. 

Three demonstration lectures to be staged 
Thursday evening, January 11, will highlight 
the conference. These will be held in the 
Department of the Interior Auditorium and 
will constitute the Annual: Joint Meeting of 
the local AIEE and IRE Sections. 

The National Bureau of Standards will 
display a microwave spectroscope in opera- 
tion with the aid of a projection oscilloscope. 
The Bureau also will demonstrate a record- 
ing microwave refractometer adapted for 
atmospheric measurements. An outstand- 
ing speaker of the evening will be Dr. 
Winston E. Kock of Bell Telephone Labora- 
tories, who will present a new and striking 
demonstration of the parallel behavior of 
microwaves and centimeter wave length 
sound waves. 

Inspection trips to the National Bureau of 
Standards and the Naval Ordnance and the 
Naval Research Laboratories have been 
arranged. Of particular interest to some 
will be a trip to the United States Naval 
Observatory where correlation of electronic 
time standards with celestial observations by 
means of the photographic zenith tube will 
be discussed. 

The Conference is under the general direc- 
tion of Professor Ernst Weber of the Micro- 
wave Research Institute of the Polytechnic 
Institute of Brooklyn (N. Y.), as Chairman 
of the Joint AIEE—IRE Committee on 
High-Frequency Measurements. 

The registration fee is $2.00 if paid in 
advance or $2.50 at the conference. Ad- 
vance registrations may be mailed to Mr. 
W. F. Snyder, National Bureau of Standards, 
Washington 25, D. C. 


AIEE-ASME Preferred Standard 
for Steam Turbine-Generators 


The Joint AIEE-American Society of 
Mechanical Engineers (ASME) Committee 
on Steam Turbine-Generators has completed 
a review of the prevailing standards. This 
revision has been approved by the AIEE and 
ASME. 

The revision consists primarily of the 
addition of a 90,000-kw turbine generator 
to the group of preferred standard machines. 
This means that the standards now cover 
seven machines: an 11,500-kw air-cooled 
machine, and 15,000-kw, 20,000-kw, 30,000- 
kw, 40,000-kw, 60,000-kw, and 90,000-kw 
hydrogen-cooled units. The new 90,000-kw 
turbine will be available either as a regenera- 
tive cycle machine or a reheat cycle machine. 
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The new generator is rated at 0.5 pound 
per square inch gauge hydrogen pressure 
with 15-per cent additional kilovolt-ampere 
capability above generator rating provided 
by increasing the hydrogen pressure to 
15 pounds per square inch gauge similar to 
the other hydrogen-cooled machines. In 
addition, it will be designed for operation at 
30 pounds per square inch gauge under 
which condition the generator capability 
will be 25 per cent above its rating at 0.5 
pound per square inch gauge. The excita- 
tion voltage will be 375 volts with an option 
of 250 volts. The generator voltage will be 
13.8 or 14.4 kv. The characteristics of the 
remaining machines have not been changed 


_from the previous edition of the Standard 


except for the elimination of 11.5 kv as a 
standard generator voltage. This change 
was found desirable because of the very few 
machines purchased with this voltage. 

The revised AIEE Standards, published 
in one pamphlet, now available are: 


Number 607—Preferred Standards for Large 
3,600-rpm 3-Phase 60-Cycle Condensing 
Steam Turbine-Generators (Larger than 
10,000-kw Rated Capacity). 

Number 602—Standard Specification Data 
for Generators fer Large 3,600-rpm 3-Phase 
60-Cycle Condensing Steam Turbine-Gener- 
ators (Larger than 10,000-kw Rated 
Capacity). 


Price, $0.60 per copy (50 per cent discount 
to AIEE members for single copies). 


Chicago and Minneapolis Sections 
Hear Talk by P. L. Bellaschi 


“Power ‘Transmission at Extra-High 
Voltages—Developments and Trends” was 
the topic of discussion at recent meetings of 
the Chicago and Minneapolis Sections, given 
by Peter L. Bellaschi, consulting engineer of 
Portland, Oreg. This talk covers current 
developments and specific projects in the 
United States and abroad in the field of 
power transmission at very high voltages, 
with especial reference to the basic economic 
aspects and major engineering considerations 
of the problem. Sound films of the Swedish 
380-kv system now under construction and 
of the Alfta 230-ky series capacitor in opera- 
tion well over one year were presented. 

To date, Mr. Bellaschi has presented this 
address before ten other sections. 


COMMITTEE 
ACTIVITIES 


Editors Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Itens for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Communication Division 


Committee on Television and Aural Broad- 
casting Systems. (J. B. Coleman, Chairman; 
I. J. Kaar, Vice-Chairman; W. L. Lawrence, 
Secretary.) The first meeting of this new 
committee was held on September 15. This 
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committee combines the scopes for the former 
separate committees on Aural Broadcasting 
Systems and Television Broadcasting Sys- 
tems. Initial work is directed toward ar- 
ranging for at least one technical session at 
the Winter General Meeting and preliminary 
plans for technical sessions at later general 
meetings. A report reviewing the important 
items of progress in the field of broadcasting 
during 1950 is being prepared for publica- 
tion in Electrical Engineering. A review was 
made of standards work and, in view of the 
present adequate coverage in this field by 
other groups, the committee decided to 
undertake no new work on Standards at this 
time. 


Committee on Telegraph Systems. (J. S. 
Coggeshall, Chairman; J. A. Duncan, Jr., 
Vice-Chairman; E. C. Chamberlin, Secretary.) 
This committee is planning a well-rounded 
technical session on telegraph systems for 
the coming Winter General Meeting in 
New York City, and a meeting will be held 
then for the purpose of lining up future 
papers and reviewing developments since the 
last meeting. 


General Applications Division 


Committee on Domestic and Commercial 
Applications. (Carl F. Scott, Chairman; 

- T. H. Cline, Vice-Chairman.) L. R. Emmert 
has been appointed Chairman of a newly 
formed subcommittee, which will study 
problems of farm electrification. Mr. 
Emmert attended the National Farm Elec- 
trification Conference, held in St. Louis, 
Mo., October 15, as a representative of this 
committee. He also acted as an AIEE 
delegate and member of the Conference 
Steering Committee. Mr. L. N. Roberson 
is an alternate and will be Vice-Chairman of 
the new subcommittee. 

The Subcommittee on Heat Pumps and 
Electric Heating of Houses, with T. C. 
Johnson as Chairman for the eastern region, 
is actively engaged in working up a techni- 
cal session on these topics for the Winter 
General Meeting. The interest shown in 
this subject previously convinced the sub- 
committee that a considerable number of 
members would want to follow the prog- 
ress made during the past year. The sub- 
committee for the Pacific Coast, with J. C. 
Beckett as Chairman, is planning a technical 
session or conference on these topics for 
the Pacific General Meeting in Portland 
next August. 

The Subcommittee on Domestic Appli- 
ances (C. R. Reid, Chairman) is planning 
to promote another technical conference 
during the early part of 1951 because of the 
success of the Special Technical Conference 
on this subject, held in Cleveland last 
June. 


Committee on Air Transportation. (W. V. 
Boughton, Chairman; D. E. Fritz, Vice-Chair- 
man; W. L. Berry, Secretary.) At a meeting 
held on October 2 the committee discussed 
the Boeing Airplane Company’s proposed 
study on “Aircraft Electric Generating 
System D-C Transients” and agreed to 
refer the study to the Aircraft Electrical 
Rotating Machinery Subcommittee for ac- 
tion. Methods of co-ordinating the activi- 
ties of the committee with those of the 
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Armed Services, Aircraft Industries As- 
sociation, and Society of Automotive 
Engineers were discussed and a committee 
was appointed to develop means for such co- 
ordination. 

Subcommittee reports showed much 
activity during the past year. The Aircraft 
Electrical Rotating Machinery Subcom- 
mittee is ready to issue a revised tentative 
test code, and the Aircraft Electrical Systems 
Subcommittee is developing methods and 
evaluation procedures for maximum short- 
circuit current and system stability tests. 

The committee will hold a meeting during 
the Pacific General Meeting at Portland, 
Oregon, next August. 


Industry Division 


Committee on Feedback Control Systems. 
(S. W. Herwald, Chairman; F. E. Crever, 
Vice-Chairman; A. G. Kegel, Secretary.) The 
large number of papers submitted on various 
phases of feedback control systems is evidence 
of the wide interest and increasing range of 
application of the techniques developed 
within comparatively recent times. The 
committee will continue to concern itself 
with evaluating the papers submitted and 
recommending for publication those which 
appear to make a contribution to the ad- 
vancement of the science. 

The Subcommittee on Terminology and 
Nomenclature, having reported on _ its 
standardized symbols (EE, June ’50, p 566), 
is extending its work in an effort to agree 
upon definitions of terms. 

Recognizing the fact that the human 
operator plays a significant part in many 


feedback control systems, the committee 


hopes in the near future to schedule a session 
in which the behavior of ‘“‘psychobiological’’ 
systems is discussed. 


Power Division 


Project Committee on Electronic Relay 
Applications of Committee on Relays. 
(A. J. McConnell, Chairman.) Performance 
data is being gathered by this subcommittee 
on an electronic phase distance relay which 
has been in service for three months on an 
88-kv 50-mile line with loop and _ taps. 
About 30 faults per year occur on this line. 
The relay is connected for indication only— 
no tripping. Several interesting comments 
have been made on the pros and cons of 
electronic relays. It has been mentioned 
that perhaps some day electronic relays would 
solve some of the problems which me- 
chanical relays have been unable to solve, 
and, therefore, experiences with electronic 
relays should be encouraged even if they do 
the same job today as a mechanical relay. 


Working Group on Transient Performance 
of Capacitor Potential Devices of Com- 
mittee on Relays. (7. R. Halman, Chair- 
man.) It was reported that the transient 
response was best with high-power factor 
burdens nearly equal to the rating of the 
device. Further study of the results of 
tests already completed will be made. Tests 
with actual relays were requested of several 
companies, also tests of dropping voltage to 
10 per cent of normal. It has also been 
suggested that the Relays Committee have 
tests made on relays to determine their 
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performance under conditions produced 
when used with potential devices. The 
problem is further complicated by the fact 
that the performance of distance relays is 
affected by harmonics, both in magnitude 
and phase. 


Committee on Carrier Current. (S. C. 
Bartlett, Chairman; C. W. Boadway, Vice- 
Chairman (East); R. H. Miller, Vice-Chair- 
man (West); E. W. Kenefake, Secretary.) 
Ata recent Institute meeting this committee, ~ 
in an attempt to stimulate wider interest in ~ 
its work, held an all-day meeting, giving — 
particular attention to acquainting the — 
West Coast people with their activities. 
At one of the sessions sponsored by this 
committee, papers were presented covering 
means of obtaining a greater utilization of © 
the limited spectrum which is being re- — 
quired today to handle the increasing bur- 
den of telemetering, supervisory controll 
load control, relaying, and the various other [ 
duties which are placed upon the commun- 
ications systems as we proceed in the direc- — 
tion of system expansion and automatiza- 
tion. The discussion on other papers pre- 
sented, covering test methods and instru- 
ments and new techniques for tuning line 
traps, such as for broad-band applications, 
showed that the information was well re- 
ceived and more desired. 


Science and Electronics Division 


Committee on Therapeutics. (H. D. 
Moreland, Chairman; S. Reid Warren, Jr. 
Vice-Chairman; Scott W. Smith, Secretary.) 
Reactivation of this committee was accom- 
plished by a meeting held on September 6, — 
at which time the overlapping interests, — 
scope, and basic material of the Committee 
on Therapeutics and the Joint Subcommittee — 
on Electrical Aids to Medicine were dis- — 
cussed. It has been recommended that — 
these two committees be combined into a ~ 
single committee to be known as the Com- 
mittee on the Uses of Electricity in Medicine © 
and Biology. A recommended scope for 
the proposed committee has been prepared, _ 
which is as follows: ‘‘Electrical techniques 
that are used in medical and biological re- 
search, diagnosis, and therapeutics. The 
committee is concerned particularly with — 
the intercommunication of problems, and 
their solutions, between electrical engineers 
on the one hand and physicians and bilo=| 
gists on the other. Therefore, the committee 
usually plans papers and programs jointly 
with other AIEE committees that are 
assigned specific devices such as X-ray tubes 
and control equipment, infrared and ultra- 
violet sources, nucleonic measuring equip- — 
ment, protective devices, and so forth. The 
committee may need the aid of physician- and — 
biologist-consultants who are interested in 
interscientific collaboration.”’ 

A subcommittee of the Committee on 
Therapeutics was established for the pur- 
pose of promoting technical papers relat- 
ing to the electromedical industry. 


ments, (W. R. Clark, Chairman; J. E. 
Hobson, Vice-Chairman (West); J. H. Miller, 
Vice-Chairman (East); J. G. Reid, Jr., Sec- 


retary; W. S. Pritchett, Secretary (West).) 


ELECTRICAL ENGINEERING 


Committee on Instruments and = 


The Master Test Code for Temperature 
Measurements of Electric Apparatus has 
been accepted as an AIEE Standard, as of 
August 1950. This test code, ATEE Stand- 
ard Number 557, was composed by a sub- 
committee of this committee, of which L.A. 
Burckmyer, Jr., was Chairman. 


Committee on Nucleonics. (W. F. David- 
son, Chairman; G. W. Dunlap, Vice-Chairman; 
W. E. Barbour, Jr., Secretary). New chairmen 
have recently been appointed for the three 
subcommittees and for the Joint Subcom- 
mittee on Nucleonic Instruments (EE, Oct 
50, p 944), 

One major activity of the Committee has 
been the Third Annual Joint AIEE-IRE 
Conference on Electronic Instrumentation 
in Nucleonics and Medicine. For the 


AIEE, the sponsoring groups include the 
Committees on Nucleonics, Electronics, and 
Instruments and Measurements, and the 
Joint Subcommittees on Nucleonic Instru- 
mentation and Electrical Aids to Medicine. 
This activity, now in its third year, has 
reached a popularity that seems to assure 
its continued existence for some time to come. 
The committee plans to sponsor a con- 
ference session at the Winter General Meet- 
ing in New York. Other conferences will 
be held at the North Eastern District 
Meeting in May, Summer General Meeting 
in June, and the Pacific General Meeting in 
August. One technical session is con- 
templated in connection with the Summer 
General Meeting in Toronto, Canada, at 
which time it is confidentally expected that 
there will be important contributions from 
Canadian workers in the field of nucleonics. 


AIEE PERSONALITIES..... 


Reinhold Riidenberg (M’38, F’50), Gor- 
don McKay Professor of Electrical Engi- 
neering, Harvard University, Cambridge, 
Mass., recently received the gold Cedergren 
Medal and Scroll for 1949, the Swedish 
award for meritorious work in the field of 
electrical engineering. It is awarded every 
five years to the most deserving in the arts 
and sciences of electricity by the Royal 
Governors for the Universities of Technology 
in Sweden. Dr. Riidenberg is the eighth 
recipient of this honor. He came to Harvard 
in 1939 from the General Electric Company, 
London, England, to which he had been a 
consulting engineer. Born in Hannover, 
Germany, on February 4, 1883, he received 
a diploma in Engineering and a Doctor of 
Engineering degree from Hannover Institute 
of Technology. He was an honorary pro- 
fessor at the Institute of Technology in 
Charlottenburg while he worked as Chief 
Electrical Engineer of Siemens-Schuckert- 
werke in Berlin from 1923 to 1936. In 
1912, Dr. Rudenberg was awarded the 
Montefiore Prize of Liége University in 
Belgium for his work on commutator ma- 
chinery. In 1946 he received an Honor 
Award Medallion from the Stevens Institute 
of Technology for his work in electron optics. 
He is the inventor of the electron micro- 
scope, which has played an important part 
in modern medical and industrial research. 
Dr. Riidenberg is the author of a,number of 
books on electrical engineering and many 
technical papers. He is also a fellow of the 
American Academy of Arts and Sciences 
and a member of Sigma Xi. 


L. R. Ludwig (A’28, M’41), Manager, 
Westinghouse Motor and Control Division, 
Buffalo, N. Y., has been appointed assistant 
to the vice-president. Mr. Ludwig grad- 
uated from the University of Illinois in 1925 
with the degree of Bachelor of Science in 
Electrical Engineering. In 1929 and 1930 
he studied at the University of Berlin, 
Germany, as recipient of the first Lamme 
Memorial Scholarship. Mr. Ludwig joined 
Westinghouse in 1925 and has been asso- 
ciated with them continuously since that 
time. Working with Dr. Joseph Slepian, 
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he helped to develop the ignitron tube 
which changes alternating current to direct 
current. Mr. Ludwig became manager of 
the company’s Circuit Breaker and Pro- 
tective Devices Department in September 
1940 and was named manager of the Motor 
Division in 1943. He was placed in charge 
of operations at the company’s Buffalo 
Works when it opened in 1946. Mr. Lud- 
wig has written many technical papers and 
holds several patents. He served the 
Institute on the Protective Devices Com- 
mittee from 1938 to 1944. 


L. C. Holmes (A’31, M’43), Associate 
Director of Research, Stromberg-Carlson 
Company, Rochester, N. Y., has been named 
Director of Research. Mr. Holmes was 
born in Brookfield, N. Y., on April 10, 1904. 
He is a graduate of Rensselaer Polytechnic 
Institute, Troy, N. Y., where he taught for 
18 years following his graduation in 1925. 
He holds the degrees of Electrical Engineer- 
ing and Master of Electrical Engineering. 
Previous to his appointment as Associate 
Director earlier this year, Mr. Holmes had 
held the post of senior electrical engineer 
in the Research Laboratory since joining the 
firm in 1943. He is well known in the field 
of magnetic sound recording. Mr. Holmes 
has served the Institute as a member of the 
following committees: Communications 
(1947-49); Special Communications Ap- 
plications (1949-51); and is chairman of the 
Rochester (N. Y.) Section Membership 
Committee. Mr. Holmes is a fellow of the 
Institute of Radio Engineers, a member of 
the Acoustical Society of America, and 
Sigma Xi. 


J. M. Wallace (A’41, M’48), Engineering 
Manager, Switchgear Distribution Apparatus 
Department, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa., has been ap- 
pointed manager of the Switchgear Dis- 
tribution Apparatus Department. Mr. Wal- 
lace was graduated from the University of 
Pittsburgh in 1935, with a Bachelor of 
Science degree in physics and engineering. 
He joined Westinghouse shortly after gradu- 
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ation and was assigned to the company’s 
high-power laboratory, and later was trans- 
ferred to the Switchgear Division. In 1945 
Mr. Wallace was named the nation’s out- 
standing young electrical engineer by Eta 
Kappa Nu. Early in 1949 he was appointed 
engineering manager of the Switchgear 
Distribution Apparatus Department. H. 
H. Fahnoe (A ’35, M ’49), Section Manager, 
Switchgear Distribution Apparatus Depart- 
ment, succeeds Mr. Wallace as engineering 
manager of the department. Mr. Fahnoe 
was granted the degree of Electrical Engi- 
neer by Cornell University in 1934, and 
joined Westinghouse the next year. He is 
a member of the Pennsylvania Society of 
Professional Engineers. 


C. E. Scholz (M’26), Vice-President, Engi- 
neering and Plant Department, Mackay 
Radio and Telegraph Company, New York, 
N. Y., has been appointed Vice-President 
and Chief Engineer of All America Cables 
and Radio, Inc., and The Commercial Cable 
Company of American Cable and Radio 
Corporation. Mr. Scholz graduated from 
Stanford University, receiving the degree 
of Bachelor of Arts in Mechanical Engineer- 
ing. Mr. Scholz has been associated with 
the International Telephone and Telegraph 
Corporation and its affiliated companies 
since May 1917, when he joined the Federal 
Telegraph Company as an engineer. He 
advanced to the position of chief engineer, 
and in 1945 became Vice-President and 
Director of Mackay Radio and Telegraph 
Co. Mr. Scholz is a member of the Institute 
of Radio Engineers. 


H. L. Durgin (M’40), Vice-President and 
Chief Engineer, Central Vermont Public 
Service. Corporation, Rutland, has been 
elected Executive Vice-President. He has 
been employed by Central Vermont Public 
Service Corporation since its organization 
in 1929 and has been an officer of the com- 
pany for the last seven years. He served as 
electrical engineer from 1929 to 1934; as 
chief engineer from 1934 to 1943; and 
became vice-president and chief engineer in 
1943. He will continue to fulfill the duties 
of chief engineer. 


C. R. Benson (A’31), Assistant Manager, 
Distribution ‘Transformer Sales Division, 
General Electric Company, Oakland, Calif., 
has. been appointed manager of sales of 
General Electrics Oakland Transformer 
plant. Mr. Benson joined General Electric 
in 1926 following his graduation from 
Stanford University with a degree in Elec- 
trical Engineering. In 1927, he was as- 
signed to the Central Station Department 
and two years later he was assigned to the 
General Electric San Francisco office as 
meter and transformer specialist. Mr. Ben- 
son was transferred in 1939 to the Oakland 
works, where he was commercial representa- 
tive of the Transformer Division before 
being named assistant manager. 


S. K. Fosholt (A ’39, M45). Chief Engi- 
neer, Stanley Engineering Company, Musca- 
tine, Iowa, has been taken into the firm as a 
partner. Mr. Fosholt graduated in 1938 
from Iowa State College with a Bachelor of 


1131 


Science degree in Electrical Engineering. 
Since then he has been employed by the 
Stanley Engineering Company continuously 
except for a one-year period during the war 
when he served as an instructor in the Naval 


Training School (Electrical) at Iowa State ~ 


College. Mr. Fosholt is also a member of 
The American Society of Mechanical Engi- 
neers. 


W. J. Brockhouse, Jr. (A’49), Sales Engi- 
neer, J. E. Murray and Company, Kansas 
City, Mo., and R. E. Martin (A’50), 
Application Engineer, S&C Electric Com- 
pany, Chicago, Ill., have been appointed 
sales engineers for the West Central States 
(Nebraska, Kansas, Oklahoma, and the 
western counties of Iowa and Missouri). 
Prior:to -his:experience with J.-E. Murray, 
Mr. Brockhouse had been associated with 
Kaiser Aluminum and Chemical Sales, Inc. 
Mr. Martin has been associated with S&C 
Electric Company since 1948. 


H. W. Graybill (M50), New Holland Ma- 
chine Company, New Holland, Pa., has 
joined the staff of the Railway and Industrial 
Engineering Company, Greensburg, Pa.,. as 
a design engineer. Mr. Graybill graduated 
from Drexel Institute of Technology in 1937 
with a Bachelor of Science degree in Elec- 
trical Engineering. His previous experience 
includes association with Westinghouse Elec- 
tric Corporation in the Switchgear Engineer- 
ing Department. 


D. H. McIntosh (A ’43, M50), Application 
Engineer, Electrical Department, and K. V. 
Knudsen (A’50), Engineer, both of Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis., have been named as sales 
representatives to Allis-Chalmers general 
machinery division offices in Chicago. D. 
H. Verhein (A’49), Student Trainee, has 
been named as sales representative to Allis- 
Chalmers general machinery division office 
in Milwaukee, Wis. 


G. C. Quinn (A’46), Industrial Press De- 
partment, Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis., has been’ ap- 
pointed supervisor of industrial press rela- 
tions. Mr. Quinn received a degree in 
Electrical Engineering from Marquette Uni- 
versity in 1941. He has been associated 
with Allis-Chalmers for eleven years and 
since 1945 he has been editor of the Allis- 
Chalmers Electrical Review. Mr. Quinn 
is serving the Institute as a member of the 
National Publication Committee. 


J- W. Thomas (A’36, M’45), Assistant 
Plant Engineer, Potomac Electric Power 
Company, Washington, D. C., has been 
appointed Plant Engineer in charge of the 
Potomac Electric Power Company’s Buzzard 
Point Power Plant. After graduating from 
The Johns Hopkins University with a 
Bachelor of Science degree in Electrical 
Engineering, Mr. Thomas worked for six 
years for the Consolidated Gas Electric 
Light and Power Company of Baltimore, 
Md. In1933, he was employed by Potomac 


Electric Power Company as a watch engi- . 


neer, and he has been the assistant plant 


engineer at the Buzzard Point Plant 
since 1949, 
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R. J. Coe (M48), Assistant Chief Engineer, 
New England Power Service Company, 
Boston, Mass., has been appointed executive 
director of the Committee on Ordnance of 
the Research and Development Board, 
Department of Defense.’ Mr. Coe graduated 
from Cornell University in 1925, and was 


with the General: Electric Company for a _ 


short period before he became associated 
with the New England Power Service 
Company. 


W. F. Young (M’36), Vice-President, 
Lapp Insulator Company, Leroy, N. Y., has 
been appointed Assistant to the President of 
Locke Incorporated, Baltimore, Md. Mr. 
Young was graduated from the University of 
Pittsburgh with a degree in Electrical 


_ Engineering in 1920. Before joining Lapp 


Insulator Company in 1927, he was asso- 
ciated with the Pennsylvania Railroad and 
the Dusquesne Light Company. 


A. W. Eichmann (M’46), Procurement 
Engineer, The Glenn L. Martin Company, 
Baltimore, Md., has been appointed to the 
Sales Engineering staff of Lear, Inc., Teter- 
boro, N. J. Mr. Eichmann is a Yale 
graduate in the field of electrical engineer- 
ing. Prior to his association with The 
Glenn, L.. Martin Company Mr. Eichmann 
was head of the Electrical Test Department 
for General Electric Company. 


C. F. Herbold (A’33, M’41), Manager, 
Industrial Relations Department, Westing- 
house Electric Corporation, Lima, Ohio, 
has been appointed to the position of director 
of manufacturing planning. Mr. Herbold 
was graduated in 1932 from Case Institute of 
Technology with a Bachelor of Science de- 
gree in Electrical Engineering. He joined 
Westinghouse in 1933, and after serving the 
company in various capacities he was ap- 
pointed manager of Industrial Relations in 
1941, 


‘*»-Ernst Ohnell, Jr. (A’38), Export Manager, 


Sales Department, The Kerite Company, 
New York, N. Y., has been named manager 
of power and industrial sales in the Eastern 
United States. He will also continue his 
duties as export manager, a position which 
he has held since 1943. L. W. Eighmy 
(A’36), Sales Engineer, has been appointed 


to assist Mr. Ohnell in.all-his duties... Before_- 


joining the Kerite Company in 1936, Mr. 
Eighmy was associated with the American 
Forge Company, Reading Iron Company, 
and the Buffalo-Niagara Electric Company. 


F. M. Scott (A’41, M’50), application 
engineer, Motor and Generator Section, 
Electrical | Department, _ Allis-Chalmers 
Manufacturing Company, Milwaukee, Wis., 
has been named a sales representative in the 
companys Chicago, Ill., district office. 
Mr. Scott has been associated with Allis- 
Chalmers since 1940. 


Jack Hause (A’35, M48), Locomotive and 
Car Equipment Division, General Electric 
Company, Erie, Pa., has been appointed 
manager of the Transportation Division of 
the company’s St. Louis, Mo., office. Mr. 
fae has been with General Electric since 
57 
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F. C. Brogan (M’47), Electrical Engineer, 
Ohio Public Service Company, Elyria, 
Ohio, has joined Commonwealth Services, 
Inc., Jackson, Mich. He has been with the 
Ohio Public Service Company since 1924, 


most recently as supervisor of design in the 


Central Engineering Department at Elyria, 


H. E. Stocking (A ’42), engineer, Automatic 


Washer Section, General Electric Company, — 


Bridgeport, Conn., has been named section 
manager of engineering. Mr. Stocking 
joined General Electric in 1940. 


V. M. Marquis (A’23, M’31), American 
Gas and Electric Service Corporation, 
New York, N. Y., has been elected a Vice- 


President of the company. 


C. W. Schweers (A’37, M’47), Manager, 
Allis-Chalmers Manufacturing Company, 
Los Angeles, Calif., has been named Manager 
of the company’s New England region with 
headquarters in Boston, Mass. 


OBITUARYeeee 


Robert E. Doherty (A’16, F ’39), President 
Emeritus of Carnegie Institute of Technology, 
Pittsburgh, Pa., died October 19,1950. Dr. 
Doherty was born in Clay City, Ill, on 
January 22, 1885, and received a Bachelor 
of Science degree from the University of 
Illinois in 1909. In 1921 he received a 
Master of Science degree from Union College 
and in successive years he received the 
following honorary degrees: Master of Arts, 
Yale University, 1931; Doctor of Laws, 
University of Pittsburgh, 1936; and Doctor 
of Science, Waynesburg College, 1948. 
From 1909 to 1931, Dr. Doherty worked for 
the General Electric Company, Schenectady, 
N. Y., where he served for six years as as- 
sistant to Dr. Steinmetz. At General 
Electric he was consulting engineer. and also 
headed’ thé company’s educational program. 
In 1931, Dr. Doherty left General Electric 
to join the faculty of Yale University, New 
Haven, Conn., as Professor and Chairman 
of the Department of Engineering. Two 
years later he was made Dean of the Yale 
School of Engineering. In 1936, Dr. 
Doherty became President of Carnegie 


-. .Institute.of Technology. where he established. 


a new method of engineering instruction in 
which emphasis was laid on development of 
individual competence... ‘After mastery of 
basic facts, the course was designed to guide 
the student to the solution of problems by 
his own ingenuity. Dr. Doherty retired as 
President of the Institute in July, 1950. 
The AIEE Lamme Medal was awarded 
Dr. Doherty in 1937 for his work on electric 


machinery, and in 1946 he was presented 
‘with the Lamme Medal. of the American 


Society for Engineering Education. Dr. 
Doherty had many papers published in 


scientific journals and had taken an active 


part in professional societies. He was a 
past chairman of the Engineers Council for 
Professional Development, and a _ past 


‘president of the Society for the Promotion 
of Engineering Education (now the Ameri-. 


can Society for Engineering Education). 
Dr. Doherty had actively served the Institute 
as a member of the following committees: 
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Education (1918-19, 1926-28, 1931-35, 
1939-41, Chairman 1931-33);  Electro- 
physics (1924-26); Power Transmission and 
Distribution (1928-29); Technical Program 
(1931-33); and Edison Medal (1941-46, 
Chairman 1946). He was also a member 
of Sigma Xi, Tau Beta Pi, Eta Kappa Nu, 
and a fellow of The American Society of 
Mechanical Engineers. 


Earle S. Henningsen (A’20, M ’26, F 39), 
Manager of Engineering, Motor and Gener- 
ator Engineering Department, General 
Electric Company, Schenectady, N. Y., died 
September 23, 1950. Mr. Henningsen was 
born on September 4, 1890, in Oconto, Wis., 
and received the degree of Bachelor of 
Science in Electrical Engineering in 1912 
from the University of Wisconsin. He 
joined the General Electric Company in 
1912 and had been continuously associated 
with the company until his death. He was 
to have retired officially October 1, after 
38 years’ service. Mr: Henningsen began 
his career in the Testing Department of 
which he later became the head. After a 
short interruption during World War I, 
when he served the United States Navy as an 
electrical officer, Mr. Henningsen returned 
to General Electric, and in 1930 was made 
engineer in charge of the A-C Engineering 
Department. Three years later when the 
D-C and A-C Engineering Departments were 
combined to form the Motor and Generator 
Engineering Department, he was appointed 
engineer in charge of the new group, the 
position he held until his death. Mr. 
Henningsen was instrumental in the design 
of the first synchronous motor for ship 
propulsion. He also designed the first 
commercial machine to be cooled by hy- 
drogen and developed the laminated seg- 
mental floating rim for large waterwheel- 
driven generators. 
rotor construction completely replaced cast- 


ings for this type of generator and isin general * 


use in industry today. Mr. Henningsen 


served the Institute as Section Chairman 


from 1930 to 1931. He was also a member 
of the Society of Professional ‘Engineers. 


Otis W. Pike (A’30, M’36), Manager of 
Engineering, Tube Divisions of the Elec- 
tronics Department, General Electric Com- 
pany, Schenectady, N. Y., died on October 
7, 1950. Mr. Pike was born in Antrim, 
N. H., on March 10, 1899, and received the 
degree of Bachelor of Science in Electrical 
Engineering from the University of New 
Hampshire in 1920. Mr. Pike had been 
continuously associated with General Electric 
since 1920, and had completed successful 
work in the development and engineering of 
vacuum tubes. When the Vacuum Tube 
Engineering Department was formed in 
1930, he became designing engineer for the 
new department; in 1942 he was appointed 
engineer and held this position when the 
‘department became the Tube Division of 
the newly created Electronics Department. 
After this unit expanded into the Tube 


Divisions in 1948, Mr. Pike was made . 


manager of engineering. He held several 
patents in the vacuum tube field. Mr. 
Pike had served the Institute as a member 
of the Electronics Committee from 1947 to 
the present. He was also a fellow of the 
Institute of Radio Engineers. 
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John M. Polonsky (A ’49), Senior Engineer, 
Electrical Engineering Department, Penn- 
sylvania Power and Light Company, Allen- 
town, Pa., died on August 13, 1950. Mr. 
Polonsky was born on September 5, 1913, 
in Coaldale, Pa., and was graduated from 
Pennsylvania State College in 1935 with the 
degree of Bachelor of Science in Electrical 
Engineering. Mr. Polonsky had been em- 
ployed by the Pennsylvania Power and Light 
Company since 1938, except for three years 
with the Navy during World War II, when 
he served as a lieutenant in the Reserve. He 
was Currently a member of the local section’s 
Publicity Committee. 


William Charles Winterroth (A’36), Dis- 
trict Sales Manager for Rochester, N. Y., 
The Louis Allis Company, Milwaukee, 
Wis., died on. June 17, 1950. Mr. Winter- 
roth was born on April 20, 1890, in Roch- 
ester, N. Y. He joined The Louis Allis 
Company in 1917, and became. District 
Sales Manager in charge of the Buffalo and 
Rochester offices two years later. He 
served the company in that capacity for 30 
years. 
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Recommended for Transfer 


The board of examiners at its meeting of October 
19, 1950, recommended the following “members for 
transfer to the grade of membership indicated. Any 
objections to these transfers should be filed at once with 
the Secretary of the Institute. A statement. of valid 
reasons for such objections must be furnished and_ will 
be treated as confidential. 


To Grade of Fellow 


Blye, P. W., trans. systems engr., Bell Telephone Labs., 
Inc., New York, N. Y. 

Brown, H. H., chief elec. engr.,- Wisconsin Michigan 
Power Co., Appleton, Wis. 

Calderwood, E. M.., outside plant engr., The Pacific Tel. 
& Tel. Co., San Francisco,. Calif. 

Hamilton, J. H., prof. & director, Utah engg. experi- 
‘ment sta., University of Utah, Salt Lake City, Utah 

Kinzly, N. T., supt. of distribution & .engg., Nashville 
Electric Service, Nashville, Tenn. 

Koenig, H. C., mgr., elec. lab. services, Electrical Test- 
ing Labs., Inc., New York, N. Y. 

Liwschitz-Garik, M., prof. of elec. engg., Polytechnic 
Institute of Brooklyn, N. Y. 

Mapes, C. M.., trans. engr., American Tel. & Tel. Co., 
New York, N. Y. 

Morgan, W. A., elec. engr., Bureau of Reclamation, 
Denver, Colo... 

Nyquist, H., Shas Bell Telephone Labs., Inc., New 
York, N. Y. 

‘Thomas, E. J., mgr. of engg., specialty transformer & 
ballast Be div., General Electric Co., Ft. Wayne, 
Ind. 

Tilles, A., elec..engr., Pacific Gas & Electric Co., San 
Francisco, Calif. 

Whipple, C. C., prof. of elec. engg., Polytechnic In- 
stitute of Brooklyn, Brooklyn, N. Y. 
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To Grade of Member 


Ball, D. J., plant elec. engr., Newport News Shipbuild- 
ing & Drydock Co., Newport News, Va. 

Benson, C. R., asst. mgr., sales dist. trans. div., General 
Electric Co., Oakland, Calif. ‘ 

Braun, H. J., section mgr., Westinghouse Electric Corp., 
Lima, Ohio : 

Brittain, J. B., elec. engr., Westinghouse Electric Corp., 
East Pittsburgh, Pa. k 

Campbell, H. C., asst. came of motive power, Penn- 
sylvania Railroad, Philadelphia, Pa. 7 

Carothers, B. M., elec. engr., Union Electric Co. of 
Missouri, St. Louis, Mo. ; 

Climenson, M. G., elec. engr., Bonneville Power Ad- 
ministration, Portland, Ore. i 

Crockford, J. B., section mgr., Westinghouse Electric 
Corp., Lima, Ohio : 

deBritto Pereira, M. P., mgr., vacuum tube div., 
Standard Electrica, S. A., Rio de Janeiro, Brazil, 
S. A. 


Dike, S. H., research physicist, radiation lab., The 
Johns Hopkins University, Baltimore, Md. __ 
Dornhoefer, W. J., section head, engg. dept., Vickers 
Electric Div., St. Louis, Mo. . 
Gerlach, A. A., engr., armour research foundation, 
Illinois Institute of Technology, Chicago, III. 
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Ghose, S. C., resident engr. & mgr., Dacca Electric 
Supply Co., Ltd., Dacca, East Pakistan 
Gluckman, H. P., elec. engr., dept. water & power, 
City of Los Angeles, Calif. 
Hampton, P. E., chief engr., Nebraska Public Power 
a — Columbus, Nebr. , a 
; J» P., senior engr., relay -performance. he 
ether edwon Go Dear ee : 
aan: J, vice pres., Audio Devices, Inc., New York, 


Lister, E. C., elec. engr., Stanley Engineering Co., 
Muscatine, Iowa 

Loew, H. R., in chge., central station div., General 
Electric Co., Seattle, Wash. 

Malloy, C. T., genl. supt., Southern California Edison 
Co., Los Angeles, Calif. 

Markese, J., design engr., Delta Star Electric Co., 
Chicago, II. 

Monson, C. F., Jr., asst. supt., Puget Sound Power & 
Light Co., Seattle, Wash. 

Mueller, W. J., jr. physicist, ames lab., Iowa State 
College, Ames, Iowa 

Nader, J., pres. & chief engr., Nader Engineering Co., 
Chicago, Ill. 

Noland, J. W., supt. of instruction, Electronic Radio 
Television Institute, Omaha, Nebr. 

Press, M., proiess elec. engr., eclipse-pioneer div., 
Bendix Aviation Corp., Teterboro, N. J. 

Schmand, D. A., engr., dept. of army, Corps of 
Engineers, Little Rock, Ark. 

se Me elec. engr., Hughes Aircraft, Culver City, 

alif. 


ee J. H., engr., Busch Brothers, Inc., Englewood, 


Smith, H. T., instructor, speed school, University of 
Louisville, Louisville, Ry. 

Tallman, W. C., technical asst., Public Service Co. of 
New Hampshire, Manchester, N. H. 

White, J. A., chief of service div., ames aeronautical 
lab., National Advisory Committee for Aeronautics, 
Moffett Field, Calif. : 

Wolfson, W., electronics en: 
York: Naval Shipyard, 


33 to grade of Member 


-» Navy materiel lab., New 
rooklyn, N. Y. 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grades of Fellow and Member, have 
been received from the following candidates, and any 
member objecting to election should so notify the Secre- 
tary before December 25, 1950, or February 25, 1951, if 
the applicant resides outside of the_United . States, . 
Canada, or Mexico. 


To Grade of Member 


Aaroe, E., Gibbs & Hill, Inc., New York, N. Y. 

Adams, C. J-,. Kellogg Switchboard & Supply Co., 
Chicago, Ill. 

Bausch, K. M., Bechtel Corp., San Francisco, Calif. 

Beaumont, F. N., Anglo-Iranian Oil Co., London, 
England 

Calder, D. G., Riverside Utility Co. Ltd.,; Uitenhage, 
Cape Province, South Africa 

Dearing, L. M., Technicolor Motion Picture Corp., 
Hollywood, Calif. 

de Kalman, O., General Foods Corp., Battle Creek, 


Mich. 
me eres J. A., J. & G. Daverman Co., Grand Rapids, 
ic 


Forman, A. H., Jr., Central Arizona Light & Power Co., 
Phoenix, Ariz. 

Hanson, W. F., Walter Gordon, Jr., Consultant, 
Tacoma, Wash, 

Bee F., Potomac Elec. Power Co., Washington, 


Hinton, D. R., Jr., Gulf Power Co., Pensacola, Fla. 
Motes W. P., U. S. Naval Air Station, Pensacola, 
a 


Johnson, H. W., The Ideal Elec. & Mfg. Co., Mansfield, 
hio : 
Jones, ae G., New York Telephone Co., New York, 


yar M. L., Punjab Public Works Dept., Punjab, 

ndia 

Kirby, T. R., The Zia Co., Los Alamos, New Mex. 

Lind, R. P., National Spectrographic Laboratories, 
Cleveland, Ohio 

Lloyd, S. M., Western Elec. Co., Inc., New York, N. Y. 

agai N. W., American Tel. & Tel. Co., New York, 


Mathis, L. B., C. H. Guernsey & Co., Oklahoma City, 


McGregor, D. R., Canadian General Elec. Co. Ltd., 
Peterborough, Ontario, Canada 

Metzner, M. W., (re-election), General Elec. Co., 
Erie, Pa. 

Miller, F. A., Mines Engineering Co., Chicago, Ill. 

Morrical, K. C., Washington Univ., St. Louis, Mo. 

Murphy J. L., Armour Research Foundation, Chicago, 
Le 


Ramey, R. A., Naval Research Lab., Washington, D. C. 

Rowe, O. R., R. H. Bouligny, Inc., Charlotte, N. C. 

Smith, W. R., Pennsylvania Power & Light Co., 
Allentown, Pa. 

Srebgiens H. E., General Elec. X-Ray Corp., Milwaukee, 


is. 
Stenhammar, H. T., Ericsson Tel. Sales Corp., New 


York, N. Y. 
Tognola, T., Bendix Aviation Corp., Sidney, N. Y. 
rp., Baltimore, Md. 


Whitney, A., Westinghouse Elec. 
33 to grade of Member 
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Doctors See Operating Table 


Techniques by Color Television 


Industrial color television now enables 
doctors and medical students to view 
surgical operations in parts of the hospital 
where there is adequate room, comfort, and 
the opportunity to discuss what is taking 
place as the operation proceeds. Such a 
demonstration of Du Mont industrial color 
television has taken place at St. Clare’s 
Hospital in New York, for the benefit of 
doctors attending the Twenty-third Grad- 
uate Fortnight of the New York Academy 
of Medicine. Several hundred doctors have 
televiewed one or more of the latest surgical 
techniques, thereby learning by seeing what 
might not otherwise be seen because of the 
limitations of the amphitheatre system. 

The color camera was set up in a corner 
of the operating room on the fifth floor of 
the hospital, as shown on the cover picture. 
The color control equipment was located in 
an adjoining room. From the control equip- 
ment a coaxial cable led to the demonstration 
rooms on the first floor, where the remote 
audience could witness the intimate details 
of the operation by means of a battery of 
color television receivers. Not only the 
rendition in natural color but also the degree 
of pictorial resolution or photographic detail 
considerably greater than that possible in 
home television give the kind of realism 
essential to following and appraising surgical 
technique. 

This type of industrial color television is 
designed strictly for closed-circuit operation; 
camera and receiver are directly connected 
by private cable. Consequently, such tele- 
vision is not subject to the frequency band- 
width restrictions and other limitations 
imposed on broadcast television. Freed 


from such restrictions, engineers have been 
able to develop higher standards of fidelity, 
keeping in mind only the compromise be- 
tween cost and practicability. No Federal 
Communications Commission license is re- 
quired to operate this industrial television 
system. 

Even though the camera was placed some 
distance from the operating table so as not 
to interfere with the operating personnel 
and patient, its lens turret permitted long 
shots, medium shots, and intimate closeups 
at will. The camera was equipped with a 
trigger lock multilens selector handle and a 
pan-handle focusing means, for instant change 
of lenses. Color-control monitor units were 
some distance away at a single control point 
in another room. The entire operation of 
the camera chain is performed by a single 
operator unless continuous movement of the 
camera is desired. ‘The five compact, light- 
weight units, including the camera, are 
highly portable. Special connectors and 
cables permit ready setting up or disas- 
sembling of equipment in going from one 
location to another. 

This development will enable students in 
medical schools to see at first hand the new 
surgical techniques being practised. The 
medium of television provides an immediacy 
which can only be achieved otherwise by 
the viewer actually being present in the 
operating room. Further, detailed related 
instructions may be included for a particular 
group of viewers in accordance with their 
special instruction requirements during rou- 
tine periods of an operation. Teaching 


techniques may be varied to best suit the 
viewer groups at each presentation. 


The operation is under way as the color camera picks up the scene at St. Clare’s Hospital 
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New Tube System Solves Problems 
of Interoffice Communication 


A pneumatic tube system incorporating 
the selective “mechanical brain” principles 
of the dial telephone and rivalling in speed 
and efficiency the operation of the most 
modern dial telephone exchange has been 
introduced recently by the International 
Standard Trading Corporation, an associate 
of the International Telephone and Tele- 
graph Corporation (I.T.&T.). A product 
of Mix and Genest, a German subsidiary of 
I.T.&T., the new system is the first com- 
pletely automatic approach to the problem 
of interoffice communication yet developed. 

A notable feature of the equipment is a 
special selective dial in the carrier which 
permits the sender to forward his message 
or article to any other of a number of stations 
without the intervention of an operator or 
central dispatcher. Although it was de- 
signed primarily for department stores and 
industrial plants, the new automatic equip- 
ment is especially well adapted for use in 
hospitals, where records, prescriptions, medi- 
cine, and so forth, often must be dispatched 
with as little handling as possible. 

Unlike the conventional tube installations 
which require separate sending and receiving 
lifes for intercommunication between two 
or more stations, the Mix and Genest system 
is designed to provide full automatic service 
between all stations. The defects common 
to manually operated systems are ingeniously 
eliminated by providing common, auto- — 
matically controlled loop lines. Each of — 
these loop lines begins at a central point and — 
is connected to a number of stations. All 
carriers flow through their sending loops to 
this central automatic control point where 
they are automatically directed to. their 
destinations by a relay panel—just as a 
telephone call might be routed under the 
dial switching system. Leaving the central 
station through the appropriate receiving 
loop lines, the carriers are admitted 


selectively at their destined stations by 
automatic switches, 


Future Meetings of Other Societi 28 


American Management Association. 
Management. January 15-18, 1951, Biltmore Hotel, 
Los Angeles, Calif. i 


The American Society of Mechanical Engineers. 19th 
National Exposition of Power and Mechanical Engi- 
neering, November 27—December 2, 1950, Grand 
Central Palace, New York, N. Y. f 


American Society of Refrigerating Engineers. 46t! 
Annual SS December 3-6, 1950, New York, © 
NY. in 


Hydraulic Institute. December 3-5, 1950, Seaview 
Country Club, Absecon, N. J. 


National Association of Engineering Companies. 
General Meeting to discuss the 1950 Defense Production 
Act. December 12, 1950, Detroit, Mich. 


Pennsylvania Electric Association, Winter Meeting 
of Transmission and Distribution Committee. Feb- 
ruary 1-2, 1951, William Penn Hotel, Pittsburgh, Pa, 


Society of Plastics Engineers, Inc. 
National Technical Conference. 
Hotel Statler, New York, N. Y. 


Seventh Annual 
January 18-20, 1951, 


——————————— ———— eee 
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The Mix and Genest pneumatic tube sys- 
tem utilizes many of the principles embodied 
in automatic telephone switching, yet is 
considerably less complicated. The dial 
carrier serves much the same function as the 
telephone dial. On each of the carriers are 
rings stamped with digits, from zero to nine. 
These rings are adjusted to the number 
corresponding to the receiving station, and 
the carrier is inserted in the transmitter of 
the dispatching or sending station. It 
then travels by suction to the automatic 
central control point. Here, the carrier 
stops briefly, while contact fingers touch 
the contact rings of the carrier. As the 
relay panel or “brain”? of the system reads 
the signal dialed on the carrier, it actuates 
the appropriate line and station switches and 
immediately diverts the carrier to the correct 
outgoing line and station. After having 
passed the central station, the carrier travels 
through the receiving line determined by the 
signal of the dial rings to the destination 
point, where the station switch has already 
been operated by the relay panel. There it 
is finally delivered through the receiver flap. 

The relay panel is an important part of 
the equipment. It not only determines the 
course of the carriers, but counts for traffic 
study purposes how many of them pass 
through each loop, provides the appropriate 
space interval between traveling carriers, 
and flashes alarm signals to a supervisor 
should any failure occur in any part of the 
system. In addition, the relay panel con- 
trols a signal panel on which the lines in 
operation, the blower performance, blown 
fuses, or incorrectly dialed carriers are 
visually indicated. 

Errors are virtually impossible, even if a 
carrier is dialed for transmission to a non- 
existent station. Should this occur, the 
central control device will dispatch the carrier 
to any desired supervisory position—the 
telephone operator’s desk or any other con- 
venient location. 

The number of stations which may be 
employed is practically without limit and 
may vary from a few automatic stations with 
push buttons instead of a central to several 
automatically operating pneumatic tube 
centrals, with interconnecting facilities for 
hundreds of sending and receiving stations. 
A 40-station system can handle as many as 
1,200 carriers an hour. 


New Plastic Provides ‘Internal 
Vision” for Engineers 


A new plastic that can be made into scale 
models of machine parts and tools now is 
providing “internal vision” for engineers 
in military, university, and industrial labora- 
tories, according to the Westinghouse 
scientists who developed it. The new 
“hotoplastic’” is aiding researchers in gun 
factories, airplane engine plants, arsenals, 
naval laboratories, and universities in the 
design of stronger machinery and equip- 
ment. The 3-dimensional scale models 
cut from the plastic enable scientists to get a 
“portrait in color” of the strains encountered 
in tools, machine parts, and other objects. 

One of the major applications of the new 
material is in the design of breech blocks for 
big guns. To understand the terrific 
stresses these parts undergo during firing of 
the gun, an exact 3-dimensional model of 
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The color pattern which is “frozen” into 

this plastic model of a human leg 

bone reveals where fracture might occur 

if bone were subjected to jarring impact. 

Concentration of stress lines in the socket 

where the bone joins the hip shows this 
to be a danger zone 


the block has been built and “loaded” to 
simulate the stress. When frozen into the 
material and then viewed through special 
polarized light, the stress pattern appears 
as a series of varicolored lines that tell the 
scientist where the major stresses are located, 
in which direction they are acting, and just 
how great they are. 

Even medical scientists may find the new 
material of great value because experi- 


-mental leg-bone models have shown that 


internal stresses in human bone structure 
such as those caused by fractures or heavy 
blows can be clearly viewed and analyzed. 

The new plastic is a modified form of 
Fosterite, a waterproof material developed 
by the Westinghouse Electric Corporation 
during World War II to seal radio and radar 
parts against moisture. 


Northwestern to Build 4,500,000- 
Volt Atom Smashing Accelerator 


Northwestern University today announced 
that it will build a 4,500,000-volt electro- 
static accelerator for nuclear research. 
Construction of the 28-ton atom smashing 
equipment will begin within two months, 
but it will be at least two years before the 
work is completed. 

The instrument, a Van de Graaff-type ion 
accelerator, will be installed in a structure to 
be built just south of the Northwestern 
Technological Institute. The lower part of 
the building probably will be underground 
so that the earth will serve as a shield for 
protection against the powerful rays pro- 
duced by the generator. Additional pro- 
tection will be provided by concrete walls 
and ceilings at least two feet thick. 

Cost of the project will be approximately 
$150,000, exclusive of the housing. The 
apparatus will be designed and constructed 
under supervision of members of the Physics 
Department, with co-operation of members 
of the Northwestern University Techno- 
logical Institute staff. A greater part of 
the construction will be done in the Physics 
Department machine shop. 

Northwestern physicists will use the Van de 
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Graaff unit in searching for new information 
about the behavior of atomic nuclei when 
bombarded by high-speed particles, This 
may be expected to yield further knowledge 
bearing on the nature of the forces which 
hold atoms together. 


Stevens Institute of Technology 
Acquires Mechanical Brain 


Stevens [Institute of Technology has 
acquired an analogue computer, which was 
loaned to the college by the Office of Naval 
Research. The acquisition of this experi- 
mental model makes Stevens one of the 
first engineering schools to have such a 
device. 

The big machine with the operating 
console, occupying an area of more than 
100 square feet and rising seven feet from 
the floor, has been housed on the second 
floor of the Navy Building on the campus, 
in a room directly beneath the computer 


laboratory. 
The mechanical brain, which can add, 
subtract, divide, integrate, differentiate, 


solve complex problems in trigonometry, 
and perform all the basic mathematical 
operation, will be used for research computa- 
tions by the Experimental Towing Tank 
and other research activities at Stevens, and 
for instruction in connection with a graduate 
course in computing devices. 

In the laboratory students study the 
components of a computer such as adding 
devices, multipliers, and differentiators, as 
well as mechanical memories. They design 
computers and develop certain parts in detail 
and test them. The new analogue com- 
puter will enable students to see the complete 
device in action and to study its possible 
applications in many industries. 


Army Signal Corps Perfects 
New Type Noise Meter 


Man-made interference or noise heard on 
radio or television sets when an electric 
shaver or vacuum cleaner is plugged in 
may some day be eliminated as a result of 
research now being conducted at the Signal 
Corps Engineering Laboratories, Fort Mon- 
mouth, N. J. 

Army scientists are staging a multi- 
pronged attack on this noise by developing 
suppression methods capable of muzzling 
the interference. Unsuppressed noise cuts 
down both the range and quality of the 
Army’s various communications systems. 

Latest advance in this 10-year-old war is 
the perfection of a new type “noise meter” 
which can accurately measure the un- 
intentional interference or radiations pro- 
duced by electric fans, oil burners, auto- 
mobile ignition systems, refrigerators, and 
dozens of other household and industrial 
products. The new meter not only tells the 
Army whether the items will interfere with 
its communications, but also gives, for the 
first time, a true picture of the fundamental 
properties of noise, such as its peak value 
and repetition rate. 

Earlier models of the meter covered fre- 
quencies used primarily for amplitude- 
modulated radio signals. The new meter 
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has a greatly extended frequency range and 
can be used not only for the amplitude- 
modulated signals but for frequency- 
modulated radio signals, radar, television, 
facsimile, and radioteletype, all used by the 
Army, as well. 

Accurate information of noise, as pro- 
vided by the new meter, is important to the 
Army because electronic receivers in the 
front lines are often located in vehicles, 
Radiations given off by the operating jeeps, 
trucks, and tanks, unless suppressed, may 
help give away troop positions through 
detection by enemy listening posts. To 
prevent this possibility and to improve com- 
munications, the Signal Corps has not only 
worked with equipment producing noise 
but also with the design of receivers and with 
the signals themselves. Many of the findings 
have already been adapted by industry in 
building equipment which will not interfere 
with signal transmission. 


National Electronics Conference 
Has Registration of 2,350 — 


The 1950 National Electronics Conference; 
held on September 25, 26, and 27 at the 
Edgewater Beach Hotel in Chicago, IIl., 
was highly successful with a total registration 
of 2,350. Many of the technical papers 
presented were on industrial electronics. 

Cne of the features of the conference was 
an address by Wayne Coy, Chairman of the 
Federal Communications Commission. Mr. 
Coy discussed the recent decisions of the 
Commission in regard to color television. 

Proceedings of the 1950 conference will 
be published early in 1951. Copies of 
volume 6 (1950) and of preceding volumes 
except volume 1 (1944), which is out of 
print, may be ordered from National Elec- 


tronics Conference, Inc., 852 East 83rd 
Street, Chicago 19, Ill. Volume 2 (1946) 
is $3.50; subsequent volumes, including 
the forthcoming volume 6 (1950), are $4.00. 


Broad Scope of Centennial " 
of Engineering Outlined 


Eleven national technical societies and 
one from Canada have already taken formal 
action to participate in the international 
convocation which will celebrate one 
hundred years of engineering as an organized 
profession in the United States. This 
convocation, organized under Centennial of 
Engineering, 1952, Inc., is designed to 
‘provide an opportunity for all engineers 
to gather to exchange ideas and information 
of value to one another with no one group 
taking a place of special prominence.” 

At a meeting on October 12, the incorpora- 
tors of Centennial of Engineering authorized 
President Lenox R. Lohr to extend invita- 
tions to an additional 60 technical societies 
in this country, and to appropriate societies 
of international scope or of national scope 
in other countries. The international so- 
cieties will be invited to hold their annual 
meetings in Chicago, IIl., during the Cen- 
tennial Convocation from September 3 to 
13, 1952. Where it is not feasible for the 
societies of other countries to hold meetings 
in this country, it is hoped that they will 
send representatives to the convocation. 
The Centennial Convocation will give 
engineers an opportunity to attend meetings 
and hear technical papers of the other 
branches of engineering, and to obtain 
pertinent information on the developments 
available to them from specialists outside 
their own fields. 

An important part of the Centennial of 


Wayne Coy, Chairman of the Federal Communications Commission, addressing the 

members of the National Electronics Conference on color television at the September 25 

luncheon at the Edgewater Beach Hotel, Chicago, Ill. At the left is Nathan Cohn, 

Chicago District Manager, Leeds and Northrup Company, and President of the 1950 

National Electronics Conference. At the right is Dr. O. W. Eshbach, Dean of Engi- 
neering, Northwestern University 


1136 


Of Current Interest 


‘the advancement of scientific knowledge” 


Engineering celebration will be an Exposi- 
tion during the months of July, August, and ~ 
September 1952. The incorporators of the 
Centennial of Engineering have stated: 
“The purpose of the Centennial Exposition — 
should be to tell the story of engineering and 
industry to the general public.” 

This story will be told in many ways at 
the Exposition which will be held at the 
Chicago Museum of Science and Industry. 
First in public appeal will be a stage pro- — 
duction in the 1,000-seat main auditorium of 
the museum. This show will be a dramatic 
human. interest pageant about America— 
how it grew and prospered over the years, 
and how it can continue to grow. The 
essential role of the engineer and his indus- 
trial machine will be woven into the story 
just as it has been woven into our daily lives. 

A permanent engineering exhibit will be 
built in the museum, where it may be open 
to visitors the year round for five years or 
more. This exhibit, occupying over 8,000 
square feet of floor space, will utilize diora- 
mas, models, and full-sized equipment to 
show the evolution of engineering and of the — 
engineer over the last 100 years. This 
exhibit will contain examples of every field 
of engineering, and will be planned to show 
how the products of dozens of different 
specialists come together to make one 
complete complex machine. 


GE Dedicates New Research 
Laboratory at Schenectady, N. Y. 


The observance of the 50th anniversary 
celebration of the nation’s first industrial 
research laboratory, the General Electric 
Research Laboratory, was marked by the 
formal dedication of the laboratory’s new — 
home at the Knolls near Schenectady, N. Y- 
Charles E. Wilson, company president, 
formally dedicated the new laboratory “to 


and presented a golden key marking the 
golden anniversary to Dr. C. G. Suits, General” 
Electric vice-president and director of 
research. tee 

The General Electric Research Laboratory 
was established in 1900 when company 
officials recognized that they should provide — 
some new source of fundamental scientific 
knowledge for the technology of the future, 
particularly as it concerned the electrical 
industry. The present laboratory, still de- 
voted primarily to fundamental research, 
now has a staff of over 800 of which about a 
quarter are scientists. ; 

The event marked the beginning of a pro 
gram which-ran for a week. It included 
the annual meeting of the National Academy 
of Sciences, held for the first time in its 88- 
year history at an industrial laboratory. | 


ECE Electric Power Committee 
Concludes Seventh Session 


The Committee on Electric Power of the 
United Nations Economic Commission for 
Europe (ECE) recently concluded its seventh 
session at Donzere-Mondragon, France, 
where it inspected the construction of ~ 
Europe’s largest power project west of the 
Soviet Union’s frontier. 

The session opened in Geneva where 
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delegates from 14 European countries and 
the United States dealt with three major 
problems of immediate interest. These 
were: the promotion of increased imports 
of electric energy into Bavaria, the develop- 
ment of rural electrification in Yugoslavia, 
and the settlement of legal problems con- 
cerning the development of rivers and lakes 
of interest to two or more European countries. 

The Committee completed a 17-point 
agenda covering economic, technical, legal, 
and cartographic questions related to energy 
production and distribution and the develop- 
ment of electric power resources. As a 
basis for their discussions the government and 
industry representatives had before them 
16 Secretariat studies. 

The session was attended by representa- 
tives of Austria, Belgium, Denmark, Finland, 
France, Italy, Luxembourg, Netherlands, 
Norway, Poland, Sweden, Switzerland, 
United Kingdom, United States, Yugo- 
slavia, and the International Labor Office. 
Mr. Pierre Smits (Belgium) was elected 
Chairman; Mr. E. H. Etienne (Switzer- 
land), Vice-Chairman. The committee will 
meet again next February. 


Eastman Kodak Scientists Battle 
Motion Picture Dust 


A new method of determining the electro- 
static charge on motion picture film may 
help projectionists, both amateur and pro- 
fessional, in winning the battle against dust. 

Dust particles, attracted to film when it 
becomes charged with static electricity, have 
long been an enemy of the motion picture 
projectionist. For one reason, a dust speck 
is magnified hundreds of times when it ap- 
pears on the screen. However, new appa- 
ratus and techniques developed by Eastman 
Kodak scientists for determining the charge 
on film may lead to defeat of the problem. 

Basically, the problem is this: motion 
picture film, or any photographic _film, 
becomes electrified when rubbed or passed 
over rollers. The electrostatic charges which 
are generated attract dust to the film. 

The new device developed by Kodak is 
designed to measure accurately the electro- 
static charge on photographic film. Using 
the apparatus, researchers can study proper- 
ties of various materials used in film rollers 
to learn how much the film is electrified. 

Important to the projectionist, however, 
are results of studies of picture film cleaning 
materials. The new charge-measuring de- 
vice has been used in studies which show 
that film receives varying charges from 

different materials. 

Dry velvet, for example, does not appre- 
ciably change the charge of processed 
Eastman Plus-X Negative Film when rubbed 
on either the emulsion or support side. 
Velvet wetted with carbon tetrachloride will 
hold the film at a constant charge when 
rubbed on the emulsion side. But when it is 
rubbed on the support side, the film is 
almost completely discharged, and thus less 
likely to attract dust particles. 


Award Winners Announced in 
Product Design Competition 


Five awards for outstanding achievement 
in the development of new electrically 
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operated products are announced by The 
Gage Publishing Company, N. Y., as the 
result of the Twelfth Annual Electrical 
Manufacturing Product Design Awards 
Competition sponsored by the publishers. 

The awards have been made to Altec 
Lansing Corporation, Hollywood, Calif., 
for a miniature microphone; to Ampex 
Electric Corporation, San Carlos, Calif., 
for a professional magnetic tape recorder; 
to Landers, Frary & Clark, New Britain, 
Conn., for a sectional-type electric range; 
to Radio Corporation of America, Victor 
Division, Camden, N. J., for a permanent 
magnet electron microscope; and to The 
Springfield Machine Tool Company, Spring- 
field, Ohio, for an engine lathe. 


New Westinghouse Educational 
Center Recently Opened 


The new Westinghouse Educational Cen- 
ter, a nonprofit corporation organized to 
offer to employees of Westinghouse and their 
families opportunities for further educational 
and cultural development, was recently 
opened. 

The new structure is located on a 10-acre 
plot in Wilkensburg, Pa., a borough ad- 
joining metropolitan Pittsburgh. A large 
portion of its floor space houses six ultra- 
modern classrooms and a large lecture hall 
where the Westinghouse evening graduate 
study program is carried out in co-operation 
with the University of Pittsburgh. 

Courses in virtually every phase of engi- 
neering are taught by a faculty made up of 
Westinghouse scientists and engineers and 
University of Pittsburgh professors. Other 
classes are held on the campus of the Uni- 
versity of Pittsburgh under special arrange- 
ments of a co-operative study plan. 

Almost all of the courses are offered in the 
evening so that employee students can con- 
tinue their full-time occupations. ‘This year 
some 350 students are expected to participate 
in the program. 


General Electric Education Fund 
Applications Now Being Accepted 


Applications for research grants are now 
being accepted under the $1,000,000 General 
Electric Education Fund for the scholastic 
year 1951-52. Under the program, now in 
its 27th consecutive year, aid in grants up to 
$1,500 annually will be awarded to college 
graduates who wish to continue individual 
study in scientific and industrial fields. 

Applications for the fellowships which 
must be filed by January 1, 1951, have been 
distributed to libraries of engineering schools, 
department heads of electrical and mechani- 
cal. engineering schools, professors of elec- 
trical and mechanical engineering, physics, 
chemistry, and metallurgy, and deans of 
graduate schools. Applications must be 
mailed to the Secretary, General Electric 
Company Education Fund, Schenectady, 
Now 
Individual fellowships up to $1,500 
annually may be granted, with a grant of 
$500 available for specific apparatus or other 
expense in connection with the research. 
The grant for apparatus may be requested 
after the awarding of the fellowship. 
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Fellowships are intended for graduates 
who need financial assistance and who have 
shown by the character of their work that 
they could with advantage undertake or 
continue research in this country or abroad. 
They are not intended for graduates who now 
hold, or expect to hold, any other fellowship 
which carries a stipend larger than the tuition 
of the institution where the research work is 
to be done. 

A committee representing the AIEE, 
National Academy of Sciences, American 
Chemical Society, American Physical So- 
ciety, The American Society of Mechanical 
Engineers, and American Society of Engi- 
neering Education will pass upon all candi- 
dates for the fellowships. 


GE Announces Redesigned Line of 
Thermocouple Vacuum Gauges 


A redesigned line of thermocouple vacuum 
gauges for industrial, laboratory, and other 
applications where vacuum must be ac- 
curately measured has been announced by 
General Electrics Meter and Instrument 
Divisions. 

Included in the line are a 115-volt a-c 
portable thermocouple vacuum gauge, as 
well as types for both rack and panel mount- 
ing. All but the rack-mounted type have 
been designed to operate either from 115 
volts a-c or from number 2 flashlight bat- 
teries. * 

Usable on either glass or metal vacuum 
systems, the gauges give a continuous 
indication of pressure and respond almost 
instantly to pressure changes. Pressure can 
be read directly from a scale calibrated from 
0-200 microns. In the 1-100 micron range, 
the instruments are accurate within 10 
per cent of the reading or one micron, 
whichever is greater. 

The gauge is connected to the gauge tube 
electrically; hence it may be disconnected 
from the tube without disturbing the vacuum 
system. The gauge tube may be inter- 
changed without the need for calibrating the 
indicating instruments. The vacuum-gauge 
tube is built to withstand damage if acciden- 
tally operated at atmospheric pressure. 


Estes, Colorado, Plant Ready 
For 3-State Power Needs 


The first 15,000-kw generating unit of 
the Estes power plant on the Colorado- 
Big Thompson project of the Bureau of 
Reclamation was put in service recently 
to meet expanding electrical requirements in 
Colorado, Wyoming, and Nebraska, This 
unit, which has been furnishing voltage 
regulation for the Bureau’s interconnected 
power system since September 17, will 
provide critically needed reserve capacity 
during possible emergency conditions. A 
second unit of 15,000-kw capacity is 
scheduled for operation on the same basis 
by November 1, and a third and final unit 
of 15,000 kw will be completed in December. 

Full continuous power production from 
Estes Power Plant will be achieved when 
Granby Reservoir is substantially full, some 
two years from now. The beginning of the 
storage of water that will increase in value 
five times within the next three years is now 
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under way at Granby Reservoir. : When 
the Colorado-Big Thompson project 1s 
completed, the water now being stored in 
Granby Reservoir will be run through the 
completed power system instead of the two 
now essentially completed. The objective 
of the Bureau of Reclamation now is to get 
Granby Reservoir filled so that when 
operations begin throughout the entire 
system in 1953 the full project can be 
operated in the most economical manner. 


Detroit Edison Builds Generating 
Plant in St. Clair, Mich. 


Detailed plans for a new 400,000-horse- 
power electric generating plant to be built 
on the St. Clair River front, midway between 
Marine City, Mich., and St. Clair, Mich., 
were announced recently by The Detroit 
Edison Company. This addition to Michi- 
gan’s industrial and domestic power supply 
will be known as the St. Clair Plant. 

Recent world events led to a decision to 
build a new plant instead of installing extra 
generating equipment in an existing plant, 
as originally planned. The revised plan 
would enable the company to keep in service 
three older generators which were marked 
for retirement before the outbreak in Korea. 
Also, the separate location of the plant would 
further decentralize Edison generating facili- 
ties. (The four existing Edison power 
plants are strung out along a 65-mile sector 
from Trenton to Port Huron.) 

The new plant will be equipped with two 
steam turbogenerators with ‘nameplate 
ratings’ of 125,000 kw each. Actual 
capability of the plant will be in excess of 
300,000 kw, or 400,000 horsepower. 

Completion of the project, scheduled for 
the end of 1953, will bring the Edison Com- 
pany’s total capacity to more than 2,600,000 
horsepower. ‘The two new turbogenerators 
already have been ordered. The machines 
are designed for high fuel economy. The 
boilers will be fired with pulverized coal, and 
stacks will be equipped with electrostatic 
dust collectors to assure clean operation. 


Annual Report of United Engineering 
Trustees, Inc. The report by Edward C. 
Meagher, President, covers the corporation’s 
operation and financial handling of the 
Engineering Societies Building and _ its 
financial program; the operation of the 
Engineering Societies Library; and the 
financial operation incident to the care of 
funds for conducting the chartered purposes 
of the corporation. Because of the growth 
of the societies, the present quarters at 33 
West 39 Street have proved inadequate and 
a larger building is being sought—one which 
could become an engineering center uniting 
the various engineering societies under one 
roof. Any AIEE member can obtain a copy 
of the complete report by requesting it from 
Mr. John H. R. Arms, Secretary, United 
Engineering Trustees, Inc., 33 West 39 
Street, New York 18, N. Y. 


Boston Orders 90 Trolley Coaches. An 
order for 90 trolley coaches for Boston 
costing approximately $18,000 each has 
been placed with the Pullman Standard 
Car Manufacturing Company of Worcester, 
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Mass. These 44-passenger silent electric 
trackless trolley coaches will be delivered in 
the spring of 1951 for feeder service to an 
extended rapid transit system serving East 
Boston, Revere, and Chelsea. When placed 
in service, Boston will have a total of 430 
trolley coaches in service, making it the 
third largest operator of this type of vehicle 
in the United States. Chicago is first with 
710 and Atlanta is second with 453 trolley 
coaches. 


LETTERS TO 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Electromagnetic Induction 


To the Editor: 


In the November 1949 issue of Electrical 
Engineering,1 I had very briefly calculated the 
electromotive force generated by a Faraday 
disk rotating in an alternating magnetic field. 
This brevity was unfortunate, since it allowed 
the problem to be badly misconstrued, as 
illustrated by L. V. Bewley’s letter to the 
editor in the December issue.? 

The original problem was to calculate 
the electromotive force generated by the 
Faraday disk shown in Figure 1. It is 
important to note that the meter circuit 
(external to the disk) is entirely contained in 
the yz plane, to which there is no perpendicu- 
lar component of magnetic field (since 
B=1,B) cos wi). Bewley has changed the 
subject by making a literal ‘‘substitution of 
circuit” from that shown in Figure 1 to 
that shown in Figure 2. This introduces an 
electromotive force generated by transformer 
induction which is not present in the original 
circuit and is due to the rearrangement in 
the geometry of the external circuit. To 
avoid this extraneous contribution of electro- 
motive force, it is necessary to restrict the 
external circuit to that shown in Figure 1. 

A superficial view of the problem may 
make it appear unduly complicated because 
the magnetic field produced by the eddy 
currents must be included in the total 
magnetic field. Since it is desired to perform 
an experiment to illustrate the principle, 
the experiment may be so arranged that the 
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Figure 1, Generation of electromotive 


force by Faraday disk 
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RTMA Engineering Department Move. 
The New York headquarters of the Radio 
Television Manufacturers Association’s Engi- 
neering Department and Data Bureau was 
moved in November from 90 West Street 
to 489 Fifth Avenue. The RTMA office is 
located in suite 710-711 and the new tele- 
phone numbers are Murray Hill 2-8190— 
8191—8192. Larger space will take care of 
the continuing. expansion of services giver 
by the RTMA Engineering Department. 


THE EDITOR 


stood to be made by the writers. Publication h 
in no wise constitutes endorsement or recogni 
by the AIEE, All letters submitted for publica 
should be typewritten, double-spaced, not car 
copies. Any illustrations should be submitted 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. : 


induced eddy currents are small, and 
magnetic field they produce will be 
ligible compared to the magnetic field 
the external source. This may be ace 
plished simply by having (a) the resista 
of the disk large, (b) the frequency of 
alternating magnetic field low, or (c) b 
A thin metal foil supported on a woo 
disk in a 60-cycle magnetic field will h 
for the purpose of this experiment, neglig 
induced eddy currents. Moreover, even 
the field created by the eddy currents is 
negligible, it is merely necessary to use the 
total magnetic field in the calculation. — 
Bewley’s method of replacing a solid 

by spokes would appear to be inadmissib 
because it changes the physical nature | 
the problem. He states that if it be obje 
that a single spoke is hardly a disk, we h 
only to observe that the same analysis hi 
for several spokes, and a solid disk may | 
looked on as an infinite number of sp 
infinitely close together. First of all, 
external circuit for the multiple spoke case 
is not the same as that for the single spoke 
case, thereby invalidating comparison. Fu 
thermore, the solid disk has a finite resistivi 
in the angular direction whereas the spo 
wheel has an infinite resistivity in 
direction. In the solid disk, the magni 
field and, hence, the induced eddy c 
are independent of the angular co-ordini 
Therefore, the transformer-induced ¢€ 
motive force which causes the eddy 

is exactly cancelled out over every po 
of every path by the eddy current 


Figure 2. Synthetic Faraday disk genet 
tion 
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nd hence this transformer-induced electro- 
10tive force does not appear in the output 
f the Faraday disk. In the spoked case, 
he eddy currents are not allowed to flow 
cause of the infinite resistivity in the 
ngular direction, hence there is no eddy 
urrent drop and the transformer electro- 
notive force produced appears in the output, 
hereby completely changing the nature of 
he problem. 

Bewley’s technique of using the flux linking 
aw, &= —dd¢/dt, plus substitution of circuit 
s not a general method because there is no 
eneral formulation for the required sub- 
titution of circuit. In each different case 
vhere the substitution of circuit method 
vould be applied, it is necessary to devise 
| different substitution of circuit. The 
tudent of this method would not be able 
o solve a problem which required a sub- 
titution of circuit different from those he 
las previously experienced because he has 
10 general method for their construction, 
unless, of course, the answer is known to 
yegin with and the substitution is tailored to 
sive the known result. To illustrate this, 
sonsider the Faraday disk in a magnetic 
jeld which is a function of the angular co- 
dinate. Using Bewley’s substitution of 
any finite number of spokes for the solid 
disk, the electromotive force generated 
would vary with the angular position of 
he spoke disk; however, the electromotive 
force generated will not depend on the 
angular position of the disk. This illustrates 
that the substitution of circuit method 
smployed by Bewley lacks general validity. 
[t is interesting to point out that in this case 
sven the motionally induced electromotive 
force will cause eddy currents to flow. 

It is Bewley’s viewpoint (see paragraph 1 
of reference 2) that the flux linking law 
never breaks down. ‘The Faraday disk is an 
example of such failure. If = —d¢/dt did 
not break down, it would not be necessary to 
introduce the substitution of circuit idea. 
Bewley incorrectly states that I deny the 
substitution of circuit idea and that in my 
article ‘‘Electromagnetic Induction’’’ I re- 
jected the idea entirely. My article demon- 
strates why the flux linking fails in some cases, 
thereby actually substantiating the fact that 
some artifice such as the substitution of 
circuit idea must be used in addition to 
& = —d@/dt in these cases in order to obtain 
the correct result. 

The flux linking law, &=—d¢/dt, is an 
extremely useful law; however, in those 
cases in which it must be manipulated in a 
senerally unpredictable manner, to fit 
particular cases, it is advisable to calculate 
the total electromotive force from the funda- 
mental formulae for transformer and mo- 
tional induction. The criteria’ for the fool- 
proof use of the flux linking law without 
impedimenta, is, paraphrased, the motion 
of every segment of the circuit (in which the 
induced voltage is being calculated) must 
be the same as the motion of the material instan- 
taneously comprising the segment. 

In the accompanying letter Mr. Bewley 
makes it clear that in the case of the brush 
being in the plane of the external circuit 
and axis of the Faraday disk, only the 
motional terms of the induced voltage, 
which he himself refers to as “‘flux cutting 
action,” survive, and that an experiment will 
show this voltage. This is the case I 

ussed in my letter to the editor;! to 
hat extent the just-mentioned statements of 
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Professor Bewley represent a reversal of the 
statement which he made at the beginning of 
his letter,? I leave to the judgment of the 
reader. 

Bewley remarks, ‘‘Substitution of circuit 
is a real and physical process, easily identi- 
fiable in every case I have ever come 
across....’ In all of Bewley’s examples 
he uses wires, that is, 1-dimensional elements. 
Circuital concepts apply nicely when only 
1-dimensional elements are involved, but 
lose a large part of their significance when 
applied to a 2- or 3-dimensional body. 
Hence, without substituting a spoked wheel 
(a structure of 1-dimensional elements) for 
a solid disk (a 2-dimensional element) I 
doubt that it can be shown that a real 
physical process constituting a substitution 
of circuit is occuring. Bewley’s elaborate 
“universal generator’? (see his accompanying 
letter. Ed.) still does not make the solid 
disk a special case of a spoked wheel. 

Bewley has erroneously remarked that I 
have confused d(ng’)/dt with nd¢’/dt and 
was forced to the unwarranted conclusion 
that n dp’ /dt does not always give the induced 
voltage. In my presentation, I have never 
made any mention of number of turns n 
even though the concept of turns may be 
very useful and save labor in many calcula- 
tions. The definition of flux ¢ which I use 
is that given by Stratton, Smythe, Abraham 
and Becker, and others, and is ¢= { fB 
- dS where the surface over which B is inte- 
grated is that whose periphery is the circuit 
which the flux ¢ interlinks. In those special 
circumstances where the contour almost 
overlaps itself a number of times 7 so that 
each overlapping can be considered to 
constitute a closed curve, and if the flux 
through each of these closed curves is the 
same value, say $’, then ¢=n ¢’. In such 
special circumstances the concept of “number 
of turns” finds its greatest usefulness. In 
other cases where the turns do not form such 
closed curves, only equivalent turns may 
be spoken of and these do not have such 
usefulness. 


REFERENCES 


1. Letter to the Editor, George I. Cohn. Electrical 
Engineering, volume 68, November 1949, pages 1018-19. 


2. Letter to the Editor, L. V. Bewley. Electrical 
Engineering, volume 68, December 1949, pages 1113-14. 


3. Electromagnetic Induction, George I. Cohn. 
Electrical Engineering, volume 68, May 1949, pages 
441-47. 

GEORGE I. COHN (M’50) 


(Assistant Professor of Electrical Engineering, Illinois 
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To the Editor: 

Mr. Cohn agrees that the Faraday disk 
in a pulsating magnetic field has induced 
in it both a transformer and a motional 
electromotive force; even though (as first 
pointed out in my letter to the editor, 
EE, Dec °49, pp 1113-14) the transformer 
electromotive force is consumed by eddy 
currents within the disk itself, so that only 
the motional component appears in the 
external circuit. My sole purpose in 
suggesting that the disk be replaced by a 
spoked wheel, with the rim interrupted 
between every pair of spokes, was to provide 
a simple way of calculating, and verifying 
by test, the existence of the transformer 
component of electromotive force. And 
my only reason for putting the brush out of 
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the plane of the external circuit was to 
exhibit a more general problem, which 
(as I showed) contains Cohn’s example as a 
special case (@=0). 

Cohn remarks that I believe the flux 
linking law, d(n¢é)/dt, never breaks down 
(as a measure of induced voltage). May I 
insist that such is not my view. In my 
1929 paper! and in a subsequent discussion,” 
I did my best to show analytically, and by 
numerous examples, that the induced 
voltage does not necessarily bear any 
relationship to the rate of change of flux 
linkages. It is quite possible to have zero 
voltage associated with a finite rate of change 
of flux linkages, or a finite voltage associated 
with zero rate of change of flux linkages, 
or a specified voltage associated with any 
arbitrary rate of change of flux linkages; 
depending entirely on the relationship be- 
tween n d@/dt (which induces a voltage) and 
¢ dn/dt (which does not induce a voltage). 

On the other hand, I do maintain that 
the induced voltage is always and unequivo- 
cally proportional to the rate of change of the 
flux which is linked with the circuit at a 
given instant. The difference between 
rate of change of flux linkages and rate of 
change of flux is accounted for by any sub- 
stitution of circuit which may take place. 
A substitution of circuit is a real and physical 
process, easily identifiable in every case I 
have ever come across, and in no wise the 
‘crutch’? which Cohn calls it. Examples 
are commutation, switching, sliding con- 
tacts, and winding on of turns. It is a nec- 
essary process in every case of d-c induction. 

Furthermore, in my 1929 paper, I pro- 
posed general criteria for the determination 
of the induced voltage to cover those peculiar 
cases in which it is difficult to segregate the 
rate of change of flux from the rate of change 
of flux linkages, because the effects are 
masked by substitutions of circuit. Those 
criteria stated explicitly that the total induced 
voltage is always the sum of the transformer 
and motional electromotive forces. Cohn 
discovered nothing new, when, in his 1949 
paper,* he arrived at equations for the 
voltage identical with mine (although by a 
different method), and proposed identical 
criteria. However, Cohn did not include 
in his derivations anything to represent the 
possibility of a rate of change of flux linkages 
due to a change of turns (my ¢ dn/dt). The 
number of turns n does not appear in his 
equations. He thus confused d(n¢)/dt with 
ndo/dt and was forced to the unwarrented 
conclusion that ndg¢/dt does not always 
give the induced voltage. In his final 
equation (Figure 9 of reference 3) he puts 
d¢/dt only conditionally equal to the induced 
voltage. His dislike of my substitution of 
circuit idea may stem from this. 

As an illustration of the application of 
my general criteria for determining induced 
voltages, consider the “‘universal generator”’ 
of Figure 1. This machine consists of a 
revolving magnet M and a revolving seg- 
mented wheel W upon which bears a moving 
brush 5. The rim of the wheel is broken 
between spokes so as to avoid eddy currents 
within the wheel itself. The spool s, with 
its slip ring and brush, performs no electrical 
function, but provides a means of paying 
out line to the moving brush 6. The face 
of magnet M is so shaped, and its excitation 
is such, as to provide a flux density 


B=(Bo+ B2 cos 62) cos wt 
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Stationary 
reference axes 


O= Q,4+@2t 


roving reference oxis 
fixed 7a the revolving 
magret 


Figure 1. Universal 
generator 
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Table I. The Family Tree of Electromagnetic Induction 
Rate of Change of Flux Linkages d (nd) 
dt 


| s, 
Faraday’s Law of Induction Substitution of Circuit 


db dn 
CF re am ops ha sdo=ng Sf SB- -dS oF 
| F 
Variational Electromotive Force + Motional Electromotive Force No Induction 
(Transformer Action) (Cutting Action) 1. Switching 
2. Commutation 
=<n— of n$B-vXds 3. Sliding contacts 
4, Winding on of turns 
=nf Se -dS + n$BXv-ds 5. Breaking of circuit 
and by Stokes theorem 
oB 
=nS Sz, °48 te af SVX (BXv) -ds 
and since y X (BX v) = By -v—vy-B and y-B=0 
oB 
=af S548 + nf SV-v B-ds 
or defining vector potential Aby B=yXA and y-A=0 
0A 
=fn>--ds + n$(VXA)Xveds 
| 
If the circuit is fixed (v=0) 
| 
| | 
Rate of Change of Heaviside’s Second 
Vector Potential Circuital Equation 
E ZS E= ee 
"Ot ieee Ts 
= me For sufficiently long periods of | time ——— —— —— —_ —_ — —_|__.____.__ 
A-c or periodic voltage—— No voltage induced 
D-c or unidirectional voltage———_____ 
Table II. 
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cutting the flux (a). 


5, See reference 1 of preceding letter. 


referred to the axis fixed on the ma 
Since @:=0—oxt, this flux density refer 
to the stationary axis, is 


B=[Bo-+ Bs cos (0—wet)] cos wt 


The total flux linked with the circuit 
oabsVdo is the flux through the pie- 
shaped sector 0 a ¢, or p 


61 R29 RR? °% 
sf, af [Bot Bs coe (0 eae 


"4 


cos wt dé 


R 4 
=D. [Boi+ Be sin (01 —wet) + Be sin wet] cos 


in which 6,;=t for a moving brush, or con- 
stant for a stationary brush. 

Now the transformer component of 
induced voltage is calculated by considering 
the motion of the conductors to be stopped 
(w=0), and the substitution of circuit te 
be stopped (#:=0 or :=constant). hen 


fF —w [Bot:+ Be sin (01—wet) + 


Bea sin wet] sin wt-+-we[ — Be cos (#1— 


wat) + Be cos wef] cost 


The motional component of inducec 
voltage is calculated by 


R R 
gBxv-ds= f. Bro dr=Jo0 [Bo+ 
The total voltage is the sum of these, or 


e= -(3 +9BXv-ds) = -F1 Bolo — 


Oi sin wt) + Be[ (wo —we) cos (0; = 
wet) Cos wt we COs wet Cos wt —w sin (4 


Fy 


wat) sin cot —w sin wet sin wf] 


This machine exhibits: 


1. Generation by transformer action ¢ 
the pulsating flux density Bo cos wt. 
2. Generation by the revolving fiel 
Bz cos (8—ant). 
3. Generation by spoviEg conductor 


4. Substitution of circuit as the spoke 
pass brush 6, 


5. Substitution of circuit as the turr 
accumulate due to the rotating bt (01: 
2rN). 


There are innumerable special ca 
included by this machine, a few of which ¢ ar 
given in Table II. 
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NEW BOOKS eceeee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


STEAM AND GAS TURBINES. By B. G. A. Skrotzk 
and W. A. Vopat. McGraw-Hill Book Company, 
New York, N. Y.; Toronto, Ontario, Canada; and 
London, England; 1950. 395 pages, illustrations, 
diagrams, charts, tables, 9!/; by 6 inches, cloth, $5.00. An 
expansion of material originally published as special 
Sections in the magazine Power, this book is of particular 
interest to operating engineers in the power field. It 
describes the general arrangement and assembly, the 
operating principles, the performance limitations, and 
the auxiliary and control devices needed for the opera- 
tion and maintenance of both prime-mover types. 
Reheat steam turbines, automatic-extraction turbines, 
small-output gas turbines, regenerative-cycle units, and 
power-gas generators are among the types discussed. 
Oiling systems of all turbine types are covered in detail. 


TABLE OF POWERS OF COMPLEX NUMBERS. 
(National Bureau of Standards, Applied Mathematics 
Series 8). By H. E. Salzer. For sale by Superin- 
tendent of Documents, Government Printing Office, 
Washington 25, D. C., 1950. 44 pages, tables, 101/, by 
8 inches, paper, $0.25. The present tables give the 
exact values of z” for z=x-iy where x and y each range 
from 0 through 10 at unit intervals, and where n=1,2, 
+-- 25. Also included is a table giving the values of 
x® for x=2 to 9 and n=1 to 25, both at unit intervals. 


TABLES OF THE BINOMIAL PROBABILITY 
DISTRIBUTION. (Applied Mathematics Series 6). 
United States Bureau of Standards, Washington, D. C., 
1949. 387 pages, tables, 10!/2 by 8 inches, cloth, $2.50 
(for sale by Superintendent of Documents, Government 
Printing Office, Washington, D. C.). Continuing the 
Applied Mathematics Series, the current volume pro- 
vides tables to seven decimal places of both individual 
terms and cumulative sums. The introduction explains 
the scope, method of preparation, interpolation pro- 
edure, and applications of the tables. 


TRANSIENT PERFORMANCE OF ELECTRIC 
POWER SYSTEMS, PHENOMENA IN LUMPED 
NETWORKS. (McGraw-Hill Electrical and Elec- 
tronic Engineering Series). By R. Riidenberg. Mc- 
Graw-Hill Book Company, New York, N. Y.; Toronto, 
Ontario, Canada; London, England; 1950. 832 
pages, illustrations, diagrams, charts, tables, 91/4 by 
41/4 inches, cloth, $12.00. Based in part on a German 
treatise by the author, this book surveys the general 
field of transients in power circuits and stresses their 
physical behavior in preference to their mathematical 
development. Part A, on lumped linear circuits, deals 
with simple and magnetically-linked circuits, inertia 
effects of rotating masses, and the influence of the earth 
onlines. Part B, on circuits of nonlinear characteristics, 
deals- with variable resistance, interruption by electric 
arcs, and magnetic saturation. A knowledge of differen- 
tial and integral calculus is assumed. , 


x 

WECTOR AND TENSOR ANALYSIS. By H. Lass. 
McGraw-Hill Book Company, New York, N. Y.; 
Toronto, Ontario, Canada; London, England; 1950. 
347 pages, diagrams, tables, 91/4 by 6 inches, cloth, $4.50. 
Offering a unified approach to the subject in its relation- 
ship to theoretical physics, this text acquaints the reader 
with the methods and tools of vector and tensor analysis 
as applied to geometry, mechanics, electricity, hydro- 
dynamics, and the theory of relativity. It includes 
chapters on the algebra of vectors and the differential 
and integral calculus of vectors. A knowledge of the 
calculus is assumed. Worked and unworked examples 
are included. 


ACCEPTANCE SAMPLING, a Symposium. American 
Statistical Association, 1108 16th Street, N.W., Wash- 
ington, D. C., 1950. 155 pages, diagrams, charts, 
tables, 91/4 by 6 inches, paper, $1.50. This volume 
contains technical papers and discussions delivered at 
the 1946 annual meeting of the American Statistical 
Association. There are two papers on acceptance 
sampling by attributes, and two on acceptance sampling 
by variables. Both prepared and impromptu discus- 
sions are included. 
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ANTENNA THEORY AND DESIGN, 2 Volumes. 
By H. P. Williams. Sir Isaac Pitman and Sons, Ltd., 
London, England, 1950. Illustrations, diagrams, 
charts, tables, 83/4 by 51/2 inches, linen, Volume I, 
142 pages, 21s.; Volume II, 522 pages, 63s. This 
book provides information for the design of the great 
majority of antenna systems together with a brief account 
of the theoretical bases of the subject. Volume I deals 
with the fundamental theory of radiation and antennae, 
with emphasis on the various methods of calculating 
antenna characteristics. Volume II is devoted to the 
practical design of antennae covering the whole range of 
radio frequencies and also considers in detail closely 
allied topics such as noise sources, propagation of waves, 
and transmission-line characteristics. The meter- 
kilogram second and metric systems of units are used. 
Bibliographies are included in both volumes. 


CHEMICAL THERMODYNAMICS. By F. D. 
Rossini. John Wiley and Sons, New York, N. Y.; 
Chapman and Hall, Ltd., London, England, 1950. 
514 pages, diagrams, charts, tables, 81/2 by 51/2 inches, 
cloth, $6.00. This book, provides a comprehensive 
treatment of the subject from the fundamental laws to 
their applications to real physical and chemical systems. 
The first five chapters explain necessary background 
material. The next 25 chapters give a picture of 
modern chemical thermodynamics arranged in a logical 
rather than historical order. The last five chapters 
deal with special applications, illustrative calculations 
and sources of data. A knowledge of physical chemistry 
and some calculus is assumed. 


CIRCUITS IN ELECTRICAL ENGINEERING. By 
C. R. Vail. Prentice-Hall, New York, N. Y., 1950. 
560 pages, diagrams, charts, tables, 8/4 by 51/2 inches, 
cloth, $7.65. Intended for use as a text for electrical 
engineering students, this book provides coverage of a 
wide variety of topics on electric circuits as well as a 
rigorous and fairly detailed analytical treatment of basic 
principles. Unusual features include a unified presenta- 
tion of steady-state circuit principles that treats direct 
current as zero-frequency alternating current, equal 
emphasis on the loop and node methods of solution, and 
applications to both power and communications circuits. 
A knowledge of mathematics through calculus is 
assumed. 


DATA ON CORROSION- AND HEAT-RESISTANT 
STEELS AND ALLOYS—WROUGHT AND CAST. 
Sponsored by A.S.T.M. Committee A-10 on Iron- 
Chromium, Iron-Chromium-Nickel and Related Alloys. 
(Special Technical Publication Number 52-A.) Ameri- 
can Society for Testing Materials, 1916 Race Street, 
Philadelphia 3, Pa., 1950. 79 pages, charts, tables, 9 
by 6 inches, paper, $2.50. This publication brings up to 
date a previous compilation on wrought stainless alloys 
and includes a comprehensive new section devoted to 
cast alloys. It provides data on those stainless steels 
that have received the widest commercial usage. The 
data on the composition and properties of these chro- 
mium and chromium-nickel steels and alloy castings are 
in tabular form. 


(The) EFFECTS OF ATOMIC WEAPONS, prepared 
for and in co-operation with the United States Depart- 
ment of Defense and the United States Atomic Energy 
Commission. McGraw-Hill Book Company, New 
York, N. Y.; Toronto, Ontario, Canada; and London, 
England, 1950. 456 pages, illustrations, diagrams, 
charts, tables, 91/4 by 6 inches, linen, $3.00. Prepared 
under the direction of the Los Alamos Scientific Labora- 
tory, this book summarizes present knowledge about the 
effect of atomic explosions. The nature of the explosion 
and its blast and radiation effects on people and property 
are considered in detail. Nuclear radiation measure- 
ment, decontamination, and protection of personnel 
are also among the topics discussed. 


ELECTRIC FUSES, By H. W. Baxter. Longmans, 
Green and Company, New York, N. Y.; Edward 
Arnold and Company, London, England, 1950. 199 
pages, illustrations, diagrams, charts, tables, 8%/, by 
51/2 inches, cloth, $4.00; 21s. Based on reports of 
research by the British Electrical and Allied Industries 
Research Association, this book provides data on the 
design, performance, and application of electric fuses. 
The first part deals mainly with the characteristics and 
properties of semienclosed fuses. The second part is 
devoted to the fundamentals of cartridge fuses. Dis- 
cussion of transient circuit phenomena, test equipment, 
and fuse regulations concludes the text. 


ELEKTROSTAHLERZEUGUNG (Stahleisen-Biicher, 
Band 8). By F. Sommer and H. Pollack. Verlag 
Stahleisen, Diisseldorf, Germany, 1950. 338 pages, 
illustrations, diagrams, charts, tables, 91/1 by 61/2 inches, 
cloth, 34 D.M. This book reviews the latest German 


Of Current Interest 


and American developments in the production of elec- 
trical steel and surveys German wartime advances. 
Following a discussion of the historical background and 
electrotechnical principles, refractory materials are 
treated. The construction of electric-arc, induction, 
and resistance furnaces then is detailed. This is 
followed by a consideration of furnace operation and 
metallurgical processes which occur during melting. 
Economic considerations and future developments also 
are noted, 


(The) EVOLUTION OF SCIENTIFIC THOUGHT 
FROM NEWTON TO EINSTEIN. By A. d’Abro. 
Second edition, revised and enlarged. Dover Publica- 
tions, New York 19, N. Y., 1950. 481 pages, illustra- 
tions, diagrams, 81/4 by 51/2 inches, cloth, $3.95. Written 
in nontechnical language, this book reviews the history 
of scientific thought from the establishment of classical 
physics down to the theory of relativity. The essential 
features of Newton’s great discoveries, the classical theory 
of absolute space and time, the contribution of Rie- 
mann and its applications by Einstein are among the 
major topics considered. 


INDUSTRIAL ORGANIZATION AND MANAGE- 
MENT. By L. L. Bethel, F. S. Atwater, G. H. E. 
Smith, and H. A. Stackman, Jr. Second edition. 
McGraw-Hill Book Company, New York, N. Y.; 
Toronto, Ontario, Canada; London, England, 1950. 
851 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, linen, $5.50. This book is designed 
to provide a full and detailed understanding of the 
specialized activities of an industrial organization, large 
or small, their interrelationships, and the guiding prin- 
ciples used by management to co-ordinate and control 
them. In this second edition, new sections are included 
on production processes, waste control, plant and 
equipment maintenance, equipment replacement, and 
other matters dealing with principles of cost reduction. 
Case examples are used extensively throughout the book. 


LINEAR INTEGRAL EQUATIONS. By W. V. 
Lovitt. Dover Publications, New York, N. Y., 1950. 
253 pages, diagrams, tables, 8!/, by 5!/2 inches, linen, 
$3.50. The general theory of linear integral equations 
is presented in a systematic manner together with 
applications to differential equations, calculus of varia- 
tions, and some problems in mathematical physics. The 
discussion is purposely confined to those equations 
which are linear and in which a single integration occurs. 
This edition is a reprint of a 1924 book which has been 
out of print for some time. 


PRACTICAL. TELEVISION ENGINEERING. By 
S. Helt. Murray Hill Books, New York, N. Y., and 
Toronto, Ontario, Canada, 1950. 708 pages, illustra- 
tions, diagrams, charts, tables, 91/4 by 6 inches, linen, 
$7.50. Containing the material which practising 
engineers in this field need to solve everyday problems, 
this book presents a detailed engineering treatment of 
television transmitting and receiving. Theoretical and 
practical aspects of lenses, lighting, cathode-ray tubes, 
oscillographs, camera tubes, synchronizing generators, 
video amplifiers, regulated power supplies, and broad- 
casting techniques are covered. A bibliography and a 
set of review questions follow each chapter. 


PROCEEDINGS, AMERICAN SOCIETY FOR 
TESTING MATERIALS, Volume 49, 1949. American 
Society for Testing Materials, 1916 Race Street, Phila- 
delphia 3, Pa., 1950. 1,240 pages, illustrations, dia- 
grams, charts, tables, 91/4 by 6 inches, cloth, $12.00; 
half leather, $14.00. This annual publication of some 
1,200 pages contains technical committee reports con- 
cerning ASTM Standards and technical papers pre- 
sented at society meetings, together with discussion, 
The table of contents and subject and author indexes 
cover also material published in the ASTM Bulletin 
and the Special Technical Publications Symposiums. 
The wide range of topics covered by the technical 
papers includes metals, cement, soils, plastics, and 
dielectric materials. 


SUPER-REGENERATIVE RECEIVERS. By J. R. 
Whitehead. Cambridge University Press, American 
Branch, 51 Madison Avenue, New York, N. Y., 1950, 
169 pages, illustrations, diagrams, charts, tables, 8*/4 by 
51/2 inches, cloth, $4.75. This book serves as an intro~ 
duction to the whole subject of superregenerative theory 
and design, including wartime advances. Although 
primarily addressed to the specialist, it is also of interest 
to the student and radio amateur. Both linear and 
logarithmic modes of operation are considered, but 
emphasis is on the linear mode. The final two chapters 
discuss automatic gain stabilization and describe a large 
number of superregenerative circuits. 5 
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THEORY AND DESIGN OF ELECTRON BEAMS. 
By J. R. Pierce. D, Van Nostrand Company, Toronto, 
Ontario, Canada; New York, N. Y.; London, England, 
1949. 197 pages, illustrations, diagrams, charts, tables, 
91/s by 6 inches, cloth, $3.50. This book on electron 
optics contains the theoretical material necessary for a 
good understanding of electron flow and _electron 
focusing in devices other than the electron microscope 
and image tubes. Emphasis is on space charge and 
thermal velocities. Problems are placed at the end of 
each chapter, and references are included as footnotes. 


WAVE GUIDES. (Methuen’s Monographs on Physi- 
cal Subjects.) By H. R. L. Lamont. Third edition. 
John Wiley and Sons, New York, N. Y.; Methuen and 
Co., Ltd., London, England, 1950. 118 pages, dia- 
grams, charts, tables, 63/4 by 41/4 inches, cloth, $1.50. 
Of interest to both students and practising engineers, 
this book briefly presents the essential parts of the 
theory of wave guides. It considers general trans- 
mission theory, attenuation and stability of waves, 
wave guides as resonators and radiators, and rectangular 
guide techniques. The classified bibliography contains 
many references on the experimental side of the subject. 


WAVE FILTERS. (Methuen’s Monographs on 
Physical Subjects). By L. C. Jackson. Third edition. 
John Wiley and Sons, New York, N. Y.; Methuen and 
Co., Ltd., London, England, 1950. 107 pages, dia- 
grams, charts, tables, 63/4’ by 41/4 inches, cloth, $1.25. 
This book provides an account of the properties of 
electric wave filters for students of physics and radio. 
The general properties of wave filters, constant-k filters, 
m-derived filters, and composite filters are discussed. 
The effect of resistance on the performance of filters is 
considered, as well as their design and construction. 
Mechanical and acoustic applications are included. 


WAVE MECHANICS, Elementary Theory. Second 
edition. 312 pages, $3.50. WAVE MECHANICS, 
Advanced General Theory. 524 pages, $5.00. By 
J. Frenkel. Dover Publications, New York, N. Y., 
1950. Diagrams, charts, tables, 81/4 by 5/2 inches, 
linen. This is the first American printing of a 2-volume 
set published in England in 1934 and 1936. The first 
volume gives a general survey of wave mechanics and 
quantum statistics using only elementary mathematics, 
The second volume is devoted to the mathematical 
development of the general ideas underlying the subject 
and connects it with classical mechanics. Only the most 
essential elements of the theory are considered. Ref- 
erences for each chapter are given at the end of the 
book, 


A.S.T.M. STANDARDS ON PLASTICS, Specifica- 
tions, Methods of Testing, Nomenclature, Definitions. 
Sponsored by A.S.T.M. Committee D-20 on Plastics, 
June, 1950. American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa. 1,076 pages, 
illustrations, charts, tables, 9 by 6 inches, paper, $4.85. 
Some 120 specifications and test methods are presented 
cove.-ng a wide range of subject matter. The separate 
standards are classified broadly under the following 
headings: specifications for plastics; strength, hardness, 
thermal, optical and permanence properties; analytical 
methods for plastics; molds and molding processes; 
conditioning; electrical tests; sheets, tubes, rods and 
molded insulating materials; definitions and nomen- 
clature, 


ANTENNAS, By J. D. Kraus. McGraw-Hill Book 
Co., New York, N. Y.; Toronto, Ontario, Ganada; 
London, England, 1950, 553 pages, illustrations, 
diagrams, charts, tables, 91/4 by 61/s inches, fabrikoid, 
$8.00. Written from the electromagnetic theory view- 
point, this book presents the basic theory of antennas 
with emphasis on their engineering applications. The 
principles given apply to antennas of all frequencies. 
The first four chapters deal with the fundamental theory 
of point sources and of the antenna as an aperture. 
The various types of antennas are then treated in detail. 
A knowledge of elementary electromagnetic theory, 
transmission lines and wave guides, and vector analysis 
is assumed, Problems and a bibliography are included. 


APPLIED ELECTRICITY. By E. Hughes. Long- 
mans, Green and Co., London, England; New York, 
N. Y.; Toronto, Ontario, Canada, 1950. 412 pages, 
diagrams, charts, tables 7!/: by 5 inches, fabrikoid, 
$2.25. Basic information is provided on a wide range 
of subjects in the electrical field, with emphasis on the 
necessary calculations for work within the fields con- 
sidered. ‘Topics covered are electromagnetism, electro- 
statics, d-c machinery, single-phase and three-phase 
circuits, transformers, a-c motors and generators, 
thermionics, electric lamps and illumination. Although 
vector diagrams are used consistently for solutions of 
a-c circuits, the final chapter gives an explanation of 
the use of symbolic notation, 
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ATOMIC PHYSICS. By W. Finkelnburg. McGraw- 
Hill Book Co., New York, N. Y.; Toronto, Ontario. 
Canada; London, England, 1950. 498 pages, illustra- 
tions, diagrams, charts, tables, 91/4 by 61/4 inches, cloth, 
$6.50. A translation and minor revision of the author’s 
German text, this book provides a systematic treatment 
of the whole field of nuclear, atomic, molecular and 
solid-state physics. It starts at a comparatively low level 
and provides a basis for an understanding of important 
theories, empirical facts, unsolved problems, and present 
trends of research in the field. 


ELECTRIC WINDERS. By H. H. Broughton. 
Second edition. E. & F. N. Spon Ltd., 57 Haymarket, 
London, England, S. W. 1, 1948. 451 pages, diagrams, 
charts, tables, 92/4 by 71/2 inches, fabrikoid, 63s. In- 
tended primarily for the engineering staffs of coal and 
metalliferous mines, this volume is also of interest to 
those who design, construct and operate mine hoisting 
equipment. In this edition, the first since 1927, nearly 
the whole text is rewritten, and seven new chapters are 
added. The new material is on Koepe-pulley winders, 
deep-level winding, intensive hoisting, skip-hoisting of 
coal, etc. Of special note are the large number of tables 
and detail diagrams, detailed accounts of failures, and 
the chapter bibliographies, 


ELECTRICAL ENGINEERS’ HANDBOOK, Electric 
Communication and Electronics. (Wiley Engineering 
Handbook Series). Edited by H. Pender and K, 
Mcllwain. Fourth edition. John Wiley & Sons, 
New York, N. Y.; Chapman & Hall, Ltd., London, 
England, 1950. Sections separately paged, illustrations, 
diagrams, charts, maps, tables, 81/2 by 52/4 inches, cloth, 
$8.50. The new edition of this standard handbook, 
prepared by seventy-eight specialists, is entirely re- 
written to reflect the rapid widening of the electronics 
field. In particular, frequency modulation and all the 
pulse techniques in both the communication and radar 
fields are now covered for the first time as are radio aids 
to navigation. The range of topics covered is demon- 
strated in the section headings which include mathe- 
matics and symbols, properties of materials, electron 
tubes and circuit elements, electrical instruments and 
measurements, acoustics and acoustical devices, optics 
and optical devices, telephony, telegraphy, television, 
and medical applications of electricity. 


ELECTRICAL INSTALLATION WORK, By T. G. 
Francis. Longmans, Green and Co., London, England; 
New York, N. Y.; Toronto, Ontario, Canada, 1950. 
232 pages, illustrations, diagrams, charts, tables, 83/4 by 
53/4 inches, cloth, 12s 6d. This book is written for those 
engaged in electrical installation who desire to learn 
something of the technical side of their work. _It covers 
supply systems, consumer’s circuits, conductors and 
cables, wiring systems and accessories, grounding, 
instruments and measuring, illumination, electric 
heating, a-c and d-c machines, primary and secondary 
cells, electric bells, and telephones. 


ELECTRONIC ENGINEERING MASTER INDEX, 
January through December, 1949. Electronics Re- 
search Publishing Company, 480 Canal St., New York, 
N. Y., 1950. 296 pages, 10 by 7 inches, cloth, $17.50. 
This book, the fourth volume in a series that starts with 
the 1925-1945 issue, indexes 8,500 articles from nearly 
400 world-wide scientific periodicals, journals, proceed- 
ings, and technical house-organs for the year 1949, 
4,000 applicable United States patents are listed with the 
articles under classified headings. Declassified United 
States, British, and Canadian documents are included 
as well as British and American reports on German and 
Japanese research and developments. There is a 
bibliography of textbooks on electronics and allied 
subjects. The cumulative cross index of subjects serves 
as a guide to this and the previous editions. 


ENGINEERING ECONOMY. By H. G. Thuesen. 
Prentice-Hall, New York, N. Y., 1950. 501 pages, 
diagrams, charts, tables, 8!/2 by 58/4 inches, cloth, 
$6.65. The importance of considering thoroughly the 
economic as well as the technical aspects in the solution 
of engineering problems is stressed throughout the book. 
To this end the several chapters deal with the basic 
mathematical factors, the treatment of estimates, various 
kinds of costs and accounting methods, bases for com- 
parison of alternatives, evaluation of replacements, 
economy of operations, utilization of personnel, and the 
application of engineering economy studies to public 
activities, Illustrative numerical examples are ex- 
tensively used. 


FATHER OF RADIO, the Autobiography of Lee de 
Forest. Wilcox & Follett Co., Chicago, Ill. 1950. 502 
pages, illustrations, diagrams, 91/4 by 6 inches, cloth, 
$5.00. This book is the life story of one of our most 
interesting and versatile geniuses. It covers his child- 
hood and youth, his early struggles and achievements 
in wireless telegraphy, his rivalry with Marconi, his 
invention and development of the basic instruments of 
tadio broadcasting, and his relations with other great 
scientists. A list of the de Forest patents from 1902- 
1949 is included. 


Of Current Interest 


‘standard for testing and rating air condi- 


PAMPHLETS eeccece 


The following recently issued pamphlets may be of 
interest to readers of “Electrical Engineering.” 
inquiries should be addressed to the issuers. 


Bibliography on Non-Metallic Bearings 
Compiled by the Engineering Societies 
Library, this bibliography of 101 selected 
references covers all aspects of nonmetallic 
bearings such as their manufacture, design, 
properties, wear, lubrication, performance, 
testing and applications, particularly of 
bearings made of rubber, wood, laminated 
phenolic plastics, resin-impregnated cotton 
fabric, micarta, and nylon. Applications 
discussed are for rolling mills, marine pro- 
peller shafts and rudder posts, automatic 
presses, axle bearings for railroad rolling 
stocks, agricultural machines, and so forth. 
This ‘‘ESL Bibliography Number 6” may be 
purchased from the Engineering Societies 
Library, 29 West 39th Street, New York, 
N. Y., for $2.00. in 


Air Conditioner Rating Standard. This 


tioners has been issued by the American 
Society of Refrigerating Engineers (ASRE). 
It covers self-contained air conditioners, 
room air conditioners, remote type air 
conditioner heat pumps, and oil- and gas- 
fired air conditioners. This standard con- 
sists of two former ASRE Standards, Number 
76, Methods of Rating and Testing Self 
Contained Air Conditioning Units for 
Comfort Cooling (1940), and Number 73, 
Methods of Rating..and Testing Air Condi 
tioning Equipment (1936). Copies of Stand- 
ard 76-R may be obtained from the American 
Society of Refrigerating Engineers, 40 West 
40 Street, New York 18, N. Y., at $1.00 per 


copy. 


Lighting for Bakeries. A new report of 
the Illuminating Engineering Society covers 
lighting requirements necessary to efficient 
and economical production processes in 
bakeries. Complete with photographs, the 
report shows lighting fixtures suitable for — 
baking establishments and correct lighting 
layouts. Sections include a table of lighting 
levels for the various work areas; recom- 
mendations for paint colors for walls and 
ceilings; descriptions for use of natural ~ 


lighting equipments. The report concludes 
with a detailed appendix on the use of 
ultraviolet radiation to control mold con- 
tamination. This 16-page booklet is avail- 
able upon request from the Publications — 
Office, Illuminating Engineering Society, 
51 Madison Avenue, New York 10, N. Y- 
at $0.50 per copy. 


American Concrete Institute 20-Year 
Index. The American Concrete Institute 
(ACI) has published this index to replace 
the ACI 10-Year Index (1947), extending 
that coverage from November 1929 to June 
1949, It includes all the papers published 
since 1929 in the ACI Journal and ACI 
special publications. The index is priced 
$2.00 and may be ordered from the American 
Concrete Institute, 18263 West McNichols 
Road, Detroit 19, Mich. 


‘ 


ELECTRICAL ENGINEERING 


PLUS FLEXIBILITV WITH -:: 


‘We can’t afford to take chances with an inadequate 
power system because a breakdown would mean a major 
loss in both production and time. Our General Electric 
power-distribution system gives us the reliability and 
flexibility we need. If there should be a major fault we'd 
still be able to operate at slightly reduced capacity. 


“The installation of this equipment was made without 

any trouble and we quickly changed over from our old 
system on a three-day weekend.” 

R. E. Neilson, Electrical Superintendent 

Marinette Paper Co. (subsidiary of Scott Paper Co.) 

Ft. Edward, New York 


CHECK THESE FEATURES OF G-E LOAD CENTERS... 


SAVE TIME by eliminating weeks spent over drawing 
boards detailing individual items. G-E factory-assembled 
unit substations are quickly and easily installed with lower 
material and labor costs than required for “piece-meal,” 
makeshift affairs. No last minute “alterations” with hack- 
saws and cold chisels when you order G-E unit substations, 


NEAT APPEARANCE 
ance of these G-E unit substations ... 
“old style” stovepipe connections between transformer 


Note the smooth, integrated appear- 
no more gawky, 


and switchgear. 


INVESTIGATE TODAY how General Electric unit substations 
can be used in your plant for efficient, flexible ‘power 
distribution. Contact your G-E sales representative for 
further information, and write today for the helpful bul- 
letins listed below. Apparatus Department, General Electric 
Company, Schenectady 5, New York. 

GEA-3592 lLoad-center Unit Substations 


GEA-3758 lLoad-center Power Distribution 
GEA-3083 Metal-clad Switchgear 


UNIT SUBSTATIONS 


Power Co. 


Metal-clad switchgear 
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Here’s the one-line diagram for Marinette Paper’s Ft. Edward installa- 
tion. The tie breaker on the double-ended unit substation makes it 
possible to shift the power supply in case of a primary fault, thus assur- 
ing continuous production at reduced capacity. 

Metal-clad switchgear distributes the 13.2 ky incoming power to four 
G-E load-center unit substations where the high voltage is stepped 
down to 600 volts for utilization—right at the center of the load area, 
This eliminates long, costly secondary feeders. 

The Scott installation is a complete General Electric project—one source 
of responsibility plus the very best in co-ordinated planning, engineering, 
manufacturing, and service facilities to give maximum savings and ef- 
ficiency to the customer. 


Be sure to see the “More Power to America” full-color sound 
slide-film “Modern Industrial Power Distribution.” Ask your G-E 
sales representative to arrange a showing for your organization. 


GENERAL (96) ELECTRIC 


Jury 1950 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 15A 


NEW— 


A valuable handbook 
on your 
D-C equipment 


Dusenbery’s 
D-C 

MOTOR 
MANUAL 


can help you select and 
maintain this equip- 
ment most efficiently 


@ This new book provides the information 
which years of experience have shown to-be 
most useful to the man responsible for the 
installation and maintenance of modern d-c 
motors, generators, AND ELECTRONIC 
CONTROL EQUIPMENT. 4 


@ It explains in clear practical terms how each 

fart and circuit works; what typé of motor 

1s most efficient and economical under certain 

operating conditions; the latest methods of 

installing and servicing each part; how to 

recomeere motors; how to test for power and 
osses. 


@ It contains FULL INFORMATION ON 
BRUSHES—how to select replacements; how 
to be sure of proper installation. 


@ ALL THE LATEST CONTROL EQUIP- 
MENT is fully explained, with complete 
instruction in the operation and maintenance 
of the Rototrol, Amplidyne, Maxspeed, Mot- 
O-Trol, Thy-Mo-Trol systems; rectifier tubes, 
etc. 


@ More than 7 pages of MAINTENANCE 
CHARTS give the symptoms and causes of 
every conceivable motor trouble or possible 
failure in any part of the control circuits, 
Clear wiring diagrams are given for every 
circuit, 


This book can save you expensive 
and time-wasting breakdowns; can 
help you get full benefit from today’s 
wonder-working direct current 
equipment. 


SEE IT FREE 


op ee oe ee ee ae ee oe we ee ee ee ee as ee 
The Macmillan Co., 60 Fifth Ave., New York 11 


Please send me a copy of DIRECT CUR- 
RENT MOTOR MANUAL @ $3.50. I 
will either remit in full or return the 
boek within 10 days without further 


INDUSTRIAL NOTES .... 


Burndy Engineering Appoints Zirker. 
Dr. George H. Zirker has been appointed 
Chief Metallurgist of Burndy Engineering 
Company, Inc., New York, N. Y., manu- 
facturers of electrical connectors. Dr. 


-Zirker has served for over 30 years as 


foundry consultant and metallurgist for 
such companies as Carnegie-Illinois Steel 
Corporation, Permanente Metals Cor- 
poration, and Taylor and Company. 


Lear Appointment. Lear, Inc., has an- 
nounced the appointment of Walton B. 
St. John as Sales Manager of its Aircraft 
Radio Division located at Grand Rapids, 
Mich. 


Woodforde H. Plant Dies. Woodforde 
H. Plant, President and General Manager 
of Brazaco, S. A., Rio de Janeiro, Brazil, 
died recently, Mr. Plant had _ been 
President and General Manager of the 
company, which is general distributor in 
Brazil for the United States Steel Export 
Company, a subsidiary of United States 
Steel, since 1943. 


Leslie M. Gumm of Westinghouse Dies. 
Leslie M. Gumm, Consulting sales engineer 
and former Manager of steel mill and metal 
working sales for Westinghouse Electric 
Corporation, passed away in Pittsburgh, 
Pa., recently. ; 


Leeds and Northrup Open Seattle Office. 
In line with the industrial growth of the 
Pacific Northwest, the Leeds and Northrup 
Company has opened a new sales and serv- 
ice office in Seattle, Wash., which will 
supplement the company’s other offices in 
San Francisco and Los Angeles. The 


new Office is staffed by Stratford B. Biddle,” 


Jr., Manager, and Ira F. Omwake, Jr., 
and will service Washington, Oregon, 
Idaho, and British Columbia. 


Sylvania Moves Headquarters Office: 
Elects New Chairman of the Board and 
Directors. Sylvania Electric Products Inc. 
has moved to new headquarters at 1740 
Broadway, New York 19, N. Y. The 
following offices are now located on the 
14th, 15th, and 16th floors of the new 
Mutual Life Building: Executive and 
Administration, Accounting Department, 
Advertising Department, Industrial Rela- 
tions Department, Internation Division, 
Legal Department, New York Sales 
Division, Purchasing Department, and 
Photolamp Division. 

Sylvania has also announced the election 
of Max F. Balcom as Chairman of the 
Board to succeed the late Walter E. Poor. 
Frank A. Poor, founder of the company, 
was elected Vice-Chairman, and Edward 
J. Poor, Richard L, Bowditch, and H. 
Ward Zimmer were all elected as new 


i : aa : 
Chemical Company installation at Avon 
Lake, Ohio—will begin this month. A 
general chemicals plant and experimental 
station are already in operation. The 
new 1-story building will cover 17,500 4 
square feet and have separate materials — 
and processing laboratories, a compounding 
room, Banbury mixing room, controlled 


temperature test room, offices, and con- — 
ference rooms. 


G-E Appointments. Clifford A. Flower 


‘has been named Manager of the General 


Electric Company’s Brockport Works, 
succeeding M. P. Painter, who has been 
transferred to the Household Refrigerator 
Division in Erie, Pa. Paul M. Deal has 
been appointed’, Administrative Assistant 
of the company’s Fractional Horsepower 
Motor Divisions, and T. E. Sansom and 
G. R. Odom have been named General 
Electric District Representatives in the 
West Central District and Atlantic Dis- 
trict, respectively. 


A. B. Chance Appointment. R. W. 
Kunkle, formerly Pittsburgh District Sales — 
Manager of the A. B. Chance Company, 
has been appointed Manager of Anchor 
Sales of that company. 


General Radio Personnel Changes. The 
General Radio Company has announced 
that William R. Thurston and George 
G. Ross, formerly of the company’s Cam- 
bridge staff, are now. located at the New 
York engineering office. James G. Hussey 
has joined the staff of the Los Angeles 
office. 


Aircraft Specialties Company to Manu- 
facture “Strux.”’ The Aircraft Specialties 
Company, Inc., Hicksville, N. Y., has 
announced formation of a new division to 
manufacture “‘Strux,’”’ under license agree- 
ment with E. I. du Pont de Nemours 
and Company. Formerly marketed as 
“CCA,” Strux, a cellular cellulose acetate, 
is an expanded plastic material made in an 
extrusion process. Dan B. Hains has 
been named Vice-President and General 
Manager of the Strux Division, and Henry 
F. Weinkam has been named Production 
Manager. 


NEW PRODUCTS ee 


Oscilloscope Camera. A new recording 
camera for photographing the screen of a 
cathode-ray oscilloscope and producing a 
print for engineering study within one 
minute has been announced by the Fair- 
child Camera and Instrument Corpora- 
tion, 88-06 Van Wyck Boulevard, Jamaica 


obligation. directors. _1, N. Y. Designated as the F-284 Fair- 
Givad child-Polaroid Oscilloscope Camera, the 
TNC ais de casnevesvarnsnnbedsiuacgicctecesscacsecescaiee B. ¥., Goaddich @ienae 4st New unit delivers an accurate photographic 
Ore EI ea Research Lab, Construction of an Thor omeng without the need foe Geneon 
applied research laboratory—third unit in E eee meiteg a tg eS 

{Pema reddes Poveveasanclnoesawidin sniteviivedeatussiesenst¥s the multimillion-dollar B. F. Goodrich (Continued on page 20A) 
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ft formance 


EY TRANSFORMERS 


«less maintenance expense...longer life... 


for 
p10 


better performance proved by operating records! 


POWER TRANSFORMERS 

Research, with our 2,500,000 volt 
Surge Generator playing an impor- 
tant part, together with 50 years ex- 
perience in the exclusive manufacture 
of transformers is responsible for the 


fine operating records users are 
experiencing with Moloney Power 


‘Transformers. 


Modern design, workmen of long 
experience, highest grade material 
and adequate processing facilities 
are combined to produce these 
transformers. 


DISTRIBUTION TRANSFORMERS 
Moloney HiperCore Distribution 
Transformers are widely used on 
utility distribution systems and in 
industrial lighting and power appli- 
cations. Here too, Moloney’s engi- 
neering and research have combined 
to make a superior product to fit your 
needs. Moloney Distribution Trans- 
formers are available in capacities 
from 3 to. 500 Kva, in voltages up 
to 66,000 volts. 


MOLONEY PRODUCTS 


Power Transformers 
e 
Unit Substations 
e i 
Load Ratio Control Transformers 
e 
Step Voltage Regulators 
a 
Regulating Transformers 
e 
HiperCore Distribution Transformers 
(Conventional and CSP Types) 
s 
Load Center Transformers 
e . 
Askarel (Non-Inflammable Liquid) 
Cooled Transformers 
e 
Air-Cooled (Class A and Class B 
Insulated) Transformers 
e 
Constant Current Street Lighting 
Transformers (Conventional and 
Packaged Unit Types) 
e 
Submersible Type Transformers 
s 
Network Transformers 


Capacitors 


Sales Offices in all Principal Cities 


MOLONE Y = i arickLARHe co. 


FACTORIES AT ST. LOUIS, MISSOURI 


AND TORONTO, ONTARIO, CANADA 
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THE HATHAWAY SC-16A SIX ELEMENT. 


RECORDING CATHODE-RAY 
OSCILLOGRAPH 


NEW HIGHS IN RESOLUTION are obtained by this new 
oscillograph because of its unusually HIGH FREQUENCY 
RESPONSE and HIGH CHART SPEED...designed for record- 
ing fast transients and continuous phenomena. 


FREQUENCY RESPONSE 0 to 200,000 cycles per second 

RECORDS up to 1000 ft. long at speeds up to 600 inches per second 
RECORDS up to 10 ft. long as speeds up to 6000 inches per second 
WRITING SPEED above 100,000 inches per second 


Note these additional unusual features. 


@ SIX ELEMENTS with convenient interchangeable lens stages for 
1, 2, 3, or 6 traces on full width of chart. 

@ INTERCHANGEABLE RECORD MAGAZINES for CONTINUOUS 
RECORDING on strip chart, either 6 inches or 35mm in width up to 1000 
feet in length, DRUM RECORDING for short, high-speed records, and 
STATIONARY CHART for very short transients. 

@ PRECISION TIMING EQUIPMENT, tuning fork controlled, for 
1-millisecond or 10-millisecond time lines. 

@ Crystal-controlled Z-AXIS MODULATION for 1/10 millisecond 
time marks. 

@.QUICK-CHANGE TRANSMISSION for instantaneous selection of 16 
record speeds over a range of 120 to 1. 

@ AUTOMATIC INTENSITY CONTROL. 

@ CONTINUOUS SWEEP OSCILLATOR which permits viewing as well 
@s recording. 

@ Single-pulse LINEAR OSCILLATOR for recording transients on 
stationary film. The record can initiate the transient to be recorded, or the 
transient can initiate the record. 


lid Each recording element is a complete unit, fully housed, 
i) =which can be instantly inserted or removed. Recording 
element contains high-intensity cathode-ray tube, and 
both AC and DC amplifiers. Control panel is located on 


outside end. 


FOR FURTHER INFORMATION, WRITE FOR 
BULLETIN 261-5 


INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET © DENVER 10, COLORADO 


(Continued from page 16A) 


processing. A 2-position over-center shift 
makes it possible to make two recordings 
on one print, recording the difference in 
performance before and after a change 
has been made. Designed for use with 
any standard 5-inch cathode-ray oscillo- 
scope, the camera is a standard Polaroid- 
Land body to which a special f2.8 lens 
and between the lens shutter and 2- 
position over-center shift device has been 
added. Writing speeds up to one inch 
per microsecond have been recorded with 
an accelerating potential of 3,000 volts. 
Print size is 31/, by 41/, inches with the two 
recorded images reduced by a ratio of only 
2 to 1 from the original trace. Further 
details are available from the company, 
addressed to the attention of W. J. Schu- 
bert. 


Radio Interference and Field Intensity 
Meters. The Stoddart “Aircraft Radio 
Company has developed several new 
types of radio interference and field in- 
tensity meters. Stoddart NM-70A is a 
portable model which measures field intensi- 
ties of signals and radio-frequency disturb- 
ances existing in space and may be used as 
a 2-terminal voltmeter (balanced or un- 
balanced), frequency selective over the 
range of 14 kc to 250 ke. Audio output is 
more than 150 milliwatts into 600-ohm non- 
inductive load with 10-microvolt radio-fre- 
quency range. Power consumption is 100 
watts at 115 volts, 60 cycles per second. 
The Stoddart WMA-5 model has a fre- 
quency range of 15 to 400 megacycles 
covered in four bands, and a new provision 
tor adding a d-c amplifier to operate a 
0-1 MA recorder. Dipole antennas permit 
field intensity surveys revealing information 
on the direction and plane of polarization 
of the signals in space; loop probes allow 
studies of radio-frequency leakages in shield- 
ing and other enclosures; line probe pro- 
vides means for the measurement of con- 
ducted radio-frequency energy on lines of 
all types: matching impedance provides 
for directly measuring the radio-frequency 
output of 50-ohm coaxial line terminated 
signal generators. Other new Stoddart 
radio interference and field intensity meters 
are the ultrahigh-frequency 375 megacycles 
to 1,000 megacycles NM-50A model, and 
the Stoddart NM-20A, with a frequency 
range of 150 ke to 25 megacycles without 
hiatus. Further information on any of 
these meters is available from the company 
at 6644 Santa Monica Boulevard, Holly- 
wood 38, Calif. 


Servo Kit. A new type of servomecha- 
nism kit, which is capable of solving com- 
plex automatic control device problems, has 
been developed by Claude Neon, Inc., for 
commercial use in industrial laboratories as 
well as for demonstration and experimenta- 
tion in colleges and universities. De- 
veloped by the company’s research labora- 
tory, Reeves Instrument Corporation, the 
servo kit is able to translate the blueprint or 
schematic diagram into a working model. 
By providing a number of basic high-pre- 
cision parts, which can be experimentally 
assembled and reassembled where neces- 


(Continued on page 22A) 
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ROWAN TYPE 800--834 


OIL IMMERSED 


ompact in design, positive in operation, 

ruggedly constructed to give long, trouble- 
free service—Rowan Type 800-834 oil immersed 
lighting switches are “‘first choice” for locations 
where operating requirements are severe and 
atmospheric conditions may be dusty, corrosive 
or semi-hazardous. They are available in 6- 
and 12-gang units—easy to install since all 
wiring and bus work to the central terminal 
board is done at the factory—easy to inspect 
since the entire mechanism of the switch is 
readily accessible. 


Extra heavy, self-aligning, quick make and 
quick break, constant pressure, renewable. con- 
tacts are series break which minimizes concen- 
tration of burning. Rowan time-tested AIR- 
SEAL fuses provide thoroughly dependable 
short circuit protection. 


Type 834, 6-gang, single 
circuit Lighting Switch 
with oil tank in closed 
position. 


ihe eS 


i Ooanesie 


Type 834, 6-gang, single circuit 
Lighting Switch with oil tank 
lowered showing arrangement of 
component parts. 


Enclosures are designed to meet the require- 
ments of NEMA Type XI. They are of welded 
construction—fabricated from heavy, high qual- 
ity steel sheets with threaded conduit openings. 


Type 800 for use on 3-wire, single phase, 115/230 
V. circuits. 


Type 834 for use on 3-phase, 4-wire, 120/208 V. 
circuits. 


ROWANICONTRUL 


THE ROWAN CONTROLLER €0., BALTIMORE Mo. 
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“VARNISHED 
GLASS TAPE 
UNIFORMITY 


Since varnished glass cloth, in both sheet 
and tape forms, is used only when specially- 
effective insulation is required, uniform 
quality is of special importance. To insure 
this uniformity, National designed and built 
a coating tower which forces the varnish into 
the cloth, meters it and cures it with auto- 
matic accuracy. 
, The varnish becomes an integral part of 
” the coated cloth. Weight, thickness and per- 
centage of component parts are precisely 
maintained. 

Conventional and silicone coated glass 


OATING TOWER cloths are available in rolls of any width up 
c F saturation; cures or resin to 36”. Mica-Glas (trademark) sheets and 
Insures Pay rae 0°F. cs aeotyen 3 tapes, fabricated from these cloths and 
Sets synthetic Ud used solely PY hand-laid mica splittings, are also available. 
Designed, See Coil Company: Send for a sample of the varnished glass 
Nation’ cloth best suited to your needs. 


NATIONAL FLECTRIG COIL COMPANY 


COLUMBUS 16, OHTO, U.S. A. * 


REDESIGNING AND REPAIRING OF 
ROTATING ELECTRICAL MACHINES 


ELECTRICAL ENGINEERS MAKERS OF 


ELECTRICAL COILS AND INSULATION ate 
TRADE = MARK 


All These Were Once 
DUST COLLECTION PROBLEMS, TOO 


48 Carbon Black Plants 
208 Metallurgical Installations 
205 Acid Plants ¢ 40 Paper Mills 
270 Detarring Installations 
216 Power Stations 
73 Steel Plants ¢ 99 Oil Refineries 
and Miscellaneous Installations 


Your electrical precipitator installation will 
be individually engineered...and based on 
the Research Corporation’s experience graph- 
ically shown by that towering pile of thou- 
sands of blue prints. 

This knowledge is a valuable asset that 
will help Research engineers to “‘tailor- 
make” your Cottrell installation. For ex- 
ample, they can more quickly determine the 
fight answers to such variables as the size, 
shape and type of both discharge and col- 
lecting electrodes, their relative spacing, 
flue arrangements and many other factors. 
= ae ra bee an ame on profitable 
solutions to individual problems. C : 

Research Corporation Cottrells can be Typt cal One Day Collections 


made as efficient as you desire. They can col- @ 250 TONS OF FLY ASH 

lect 95% to over 99% of all solid or liquid ®@ 5500 POUNDS OF CONCENTRATED 
particles suspended in gas entering equip- SULPHURIC ACID 

ment. Write for free booklet giving valu- ®@ 6 TONS OF SODA SALTS 
able data. RC-121 AT PAPER MILL 


RESEARCH CORPORATION 


405 Lexington Ave.,N. Y.17,N.Y. 122 S, Michigan Ave. Chicago 3, Ill. 


Le i a 
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sary, the kit helps the engineer interpret and 
adjust the rights and wrongs of equipment 
design. The unit consists of a transmitter 

and receiver constructed on separate “bread- 

boards.”? The servo may be operated as 
any one of three basic types of servos by mak- _ 
ing only slight electrical changes: a 2- 
speed synchro servo; a potentiometer 
follow-up servo; and a velocity servo 
(electromechanical integrator).  Addi- 

tional information may be obtained from — 
the Reeves Instrument Division, Claude 
Neon, Inc., 215 East 91st Street, New 
York, N. Y. 


RCA Genlock. The Radio Corporation of 
America has announced development of 
the RCA Type T7G-45 Genlock, which 
enables television stations to switch, lap- 
dissolve, and superimpose remote programs 
with programs originating in the studios by 
automatically locking the local synchronous 
pulse generator in phase with the remote — 
synchronous pulse generator without any — 
manual phasing adjustment, and without the © 
aid of additional transmission lines. To se- 
cure this automatic lock-in of signals, the 
Genlock combines two separate circuits 
which serve to provide control signals to the 
line-frequency and field-frequency sections, 
respectively, of the local synchronous pulse 
generator. Nospecial equipment is needed 
at the remote pickup point. Once the 
equipment is functioning, the remote sig- 
nals may be treated as local signals in any 
of the common types of switching transi- 
tions and superpositions, thus making it 
possible to go back and forth from one pro- 
gram source to the other without concern as 
to the point of origin. The only control 
necessary is a switch for disconnecting the 
normal frequency reference standard and 
at the same time connecting the output of 
the unit to the proper circuits in the local 
synchronous pulse generator. Further in- 
formation on the Genlock is available from 
the Broadcast Equipment Section of the 
RCA Engineering Products Department, 
RCA Victor, Camden, N. J. 


Tantalytic Capacitor. ‘The General Elec- 
tric Company has developed a new electro- 
lytic capacitor for use in electronic appara- 
tus. A size reduction up to 90 per cent of 
that required by paper capacitors and the 
promise of much longer life than aluminum 
are two advantages of the new 1-microfarad 
150-volt d-c tantalytic capacitor, which has 
been designed for applications where small 
size and good performance are major fac- 
tors. The Apparatus News Bureau, Gen- 
eral Electric Company, Schenectady 5, 
N. Y., will supply any additional informa- 
tion desired. 


' Constant-Voltage Megger Insulation 


Tester. The James G. Biddle Company, 
1316 Arch Street, Philadelphia 7, Pa., has 
brought out a low-cost insulation resistance 
tester with an ohm scale and selector switch 
in ranges zero to 10 megohms (100 volts), 
zero to 20 megohms (250 volts), and zero to 
50 megohms (500 volts). Its most impor- 


(Continued on page 48A) 
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DEVELOPED BY STODDART 
FOR THE ARMED FORCES. 


AVAILABLE COMMERCIALLY. 


15 MC 
to 
400 MC 


Commercial equivalent of AN/URM-6. 
A new achievement in sensitivity! Field intensity measure- 


ments, 1 microvolt-per-meter using rod; 10 microvolts-per 
meter using shielded directive loop. As two-terminal volt- 
meter, | microvolt. 


Commercial equivalent of 1S-587/U. 

Sensitivity © two-terminal voltmeter, (95 ohms balanced) 
2 microvolts 15-125 MG; 5 microvolts g3-400 MC. Field 
intensity measurements using calibrated dipole. Frequency 
range includes FM and TV Bands. 


Commercial equivalent of AN/URM-17. 
Sensitivity oS two-terminal voltmeter, 
10 microvolts. Field inten 
dipole. Frequency range includes Citizen 
color TV Band. 


Commercial equivalent of AN/PRM-1. 

Self-contained batteries. A.c. supply optional. Sensitivity oS 
two-termina voltmeter, 1 microvolt. Field intensity with 2 
meter rod antenna, microvolts-per-meter rotatable loop 
supplied. Includes standard broadcast radio range 


WWVY, and communications frequencies. 


(50-ohm coaxial input) 
sity measurements using calibrated 
s Band an 


liable instruments ‘lustrated above serve 


Since 1944 Stoddart RI-FI* instruments hdve established the The rugged and re 
i equally well in field oF laboratory- Individually calibrated 


standard for superior quality and uv 

These instruments fully comply with test equipment require- for consistent results using internal standard of reference. 

ments of such ce specifications as JAN-I-225, Meter scales marked in mic 

ASA C63.2, 6E4(SHIPS), AN-1-24a, AN-1-42, AN-1-27a, AN-1-40 Function selector enables mea 

these specifications were written OF re- waveforms, giving average, peak: oF quasi-peak values. 

of performance demonstrate in Accessories provide means for measuring either conducted 
or radiated rf. voltages- Graphic recorder available. 


vised to the standards 
Stoddart equipment. 
*Radio Interference and Field Intensity- 


Precision Attenuation for UHF ! 


ODDART AIRCRAFT RADIO CO. & beafae ta ME oes 


0, 10, 20, 30 
Accuracy + 5 pe 50 DB. 


: ® 
6644 SANT 
BNTA MONICA BLYD., HOLLYWOOD 38, CALI- 
Hillside 9294 iy 


, Patents applied for. 


JULY 1950 Pi 
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\ “hs e + ra n sf orme r tant uses include the diagnosis of trouble in 


all types of electric, lighting, control, com- 

munication, radio and radar and airplane 
4 af the futur e equipment. The slip clutch or centrifugal — 
governor which is built into the driving 
mechanism permits cranking at varying 
speeds without effect on the voltage output 
of the instrument. Further information on 
the megger insulation tester is contained in 
Bulletin 27-80-7 which is available from the 
James G. Biddle Company. 


Ohm’s Law Calculator. A new pocket- 


ie eith Apher hich mj; he fre a fey size Ohm’s Law Calculator, featuring — 
esirable, inet POssibjj;- . Mentioned separate slide rule and parallel resistance — 
aes ilities of scales, has been developed by the Ohmite 


Manufacturing Company. With one set- 
ting of the slide it gives the answer to any 
Ohm’s Law problem—reading directly in 
ohms, volts, amperes, and watts. Two 
new scales on the back provide a standard ~ 
slide rule as well as a quick, one-setting 
means of solving parallel resistance prob- 
lems. Electrical scales on the new cal- 
culator cover all values of resistance, 
current, voltage, and wattage encountered ~ 
in light industrial and radio work. - It is 
Sk area ae cradle priced at $0.25 and may be obtained from 
with other leading electrical engi- 4 : 
neers; ELECTRICAL WORLD, 75th the Ohmite Manufacturing Company at 


Ranivertory Inve, May 21, 1949, M A R C U S 4937 Flournoy Street, Chicago, Ill. 


Disconnecting Switch. The Cole Electric 


D R Yy T Y PE A | R ¢ 0 0 L E D Company, Culver City, Calif., has de- 


veloped a disconnecting switch, type 0-2, 
DISTRIBUTION TRANSFORMERS | is petarcar serine 


steel springs that apply pressure inde- 


Excerpt from “Distribution trans- 


former” by Howard P. Seelye, Chief 
Electrical Engineer, The Detroit 


Months before the publication of this pendent from current path, blades that are 
excellent article on distribution trans- counter-balanced with torsion springs, and 
formers, Marcus, a pioneer in the will not freeze. ‘The switch is available in 
field, announced a new line of all the complete range from 400 to 4,000 


purpose dry type distribution trans- amperes, and from 7.5 to 287 kv. Further 


A ° information on the type O-2 switch is 
rmers for ind A Paah : 2 
fo ese oor or outdoor service contained in bulletin 46-A, which may be 


The complete absence of hazardous obtained from the company upon request. 
oil or toxic liquid affords safety never 
before realized. Superior Class B and 


_C heatproof insulation, such as fibre- TRADE LITERATURE 


: glass, mica, porcelain, new Johns-Manville 
Currently available in sizesto +«- QUinterra, etc., results in overload capaci- Matthews Connectors. The W. N. Mat- 
100 KVA, voltages to 5000 v. ‘ties unobtainable with Class A oil filled thews Corporation has published a new 


bulletin, 206-A, which illustrates and de- 
scribes all types of Matthews connectors. 
It also includes information on copper to 


units. The entire transformer element is 

MG : ‘ ; ‘ : 

Be as 5 al pro ected against oil, acids, moisture, 
EXCLUSIVELY etc., and is housed in a sturdy, scientifically 


: copper connections with pure copper 
1 to 2,000 KVA ic oa . 
ea bab Veli ih pais ventilated, weather proof case which con connectors and shows connectors which are 


* Individuol Requirements forms with all applicable EEI-NEMA con- _, best suited for connections of large con- 
"© DISTRIBUTION struction standards. This extremely versa- ductors and for T cross end and end and ~ 
See arose tilé transformer can be used outdoors, pole parallel connections. Copies of the bulle- 
Sinise cuancaee or platform mounted or indoors at the load tin may be obtained from the company at 

| @ ELECTRIC FURNACE center, mounted wherever convenient with Seba casac ak ERS LEE SOA 


© RECTIFIER © “no expensive fi : i 
sk den 0 expensive ireproof vault required. 
e 


Ee, Chart of the Nuclides. The “Chart of 


COMPETITIVE PRICES -28X% GOOD DELIVERIES the Nuclides” is a new edition of the 
: , 4 i “Chart of the Isotopes,’ prepared by the 
Write for Bulletin ##49-ACO by General Electric Research Laboratory and 


SF 
M A originally issued in 1948. The revision 
f was prepared in the Knolls Atomic Power 
7, Laboratory, which General Electric 
Operates as part of its Research Labora- 
MARCUS TRANSFORMERS TRANSFORMER CO. tory for ce neni Energy Commission. 
CONFORM TO THE STANDARDS Inc The chart, together with an explanatory 


OF N.E.M.A. AND A.I/.E.E. 34 MONTGOMERY STREET booklet, is available from the General 


HILLSIDE 5, NEW JERSEY Scinedy tee ee 


Representatives in Principal Cities 


PIONEERS IN THE FIELD OF AIR-COOLED TRANSFORMERS 
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24A Please mention ELECTRICAL ENGINEERING when writing to advertisers JuLy 1950 


EXCELLENT FOR... 


Motors Relays 
Fans Transformers 
Transmitters Controls 
Switches Bobbins 


Telephone Equipment 


* 


Ask about the many advantages 


of these spirally wound, paper- 


base phenolic tubes in various 


types for special purposes. 


* Trade Marks 


TeCLEVELAND CONTAINER GE> 


CLEVELAND 


COSMALITE’ AND CLEVELITE™ 
LAMINATED PHENOLIC TUBES 


. .. possess outstanding advantages for quality 
performance at low cost. 


They are made to meet the most exacting speci- 
fications as to their physical and electrical prop- 
erties, for wide uses in electrical equipment. 


Available in diameters, wall thicknesses and 
lengths desired. They are accepted asthe stand- 
ard in the Radio and Television Industries. 


For the best... “Call Cleveland.” Samples on request. 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N.J. 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


REPRESENTATIVES 
(NEW YORK AREA R. T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. J. 


NEW ENGLAND R. S. PETTIGREW & CO., 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 


CANADA WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 
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Courtesy American Optical Co. 


Courtesy Dynamatic Corp. 


(Continued from page 24A) 


Glossary of Foundry Terms. The Lake 
City Malleable Company, 5000 Lakeside 
Avenue, Cleveland 14, Ohio, has issued a 
glossary of foundry terms in order to 
facilitate discussion of production problems 
when handling correspondence pertaining 
to the manufacture of castings. The 
booklet is available upon request to the 
company. 


Oil Seal Information. ‘‘Johns-Manville 
Clipper Seal” is a 16-page handbook of 
useful data for designers, engineers, or 
maintenance men needing information on 
oil seals. Copies may be obtained from 
Johns-Manville, 22 East 40th Street, 
New York 16, N, Y. 


Baseboard Heating. The United States 
Radiator Corporation has issued a new 
33-page publication on baseboard heating 
which may be obtained by writing te the 
company at Detroit 26, Mich. 


Burndy Hysplice. Hysplice Catalog 
HS51, describing an extensive line of 
hysplices and installation tools for splicing 
line conductors, has just been published 
by the Burndy Engineering Company, 
Inc., 107 Bruckner Boulevard, New York 
54, N. Y. It is available upon request. 


Functional Photography. Applications of 
photography in business and industry are 
summarized in a 16-page booklet, “Func- 
tional Photography in Industry,” pub- 
lished by the Eastman Kodak Company. 
The booklet may be obtained from the 
Industrial Photographic Division, Eastman 
Kodak Company, 343 State Street, Roch- 
ester 4, N. Y. 


Chance Tips. The new issue of “Chance 
Tips,’ volume 72, number 2, contains 
articles on planning for safer maintenance, 
tips on installing anchors, and a new 
swivel which makes wire pulling easier. 
The magazine is available from the A. B. 
Chance Company, Centralia, Mo., upon 
written request. 


“Megger” Insulation Tester. The Jame, 
G. Biddle Company, 1316 Arch Streets 
Philadelphia 7, Pa., has published a 23- 
page bulletin, number 27-20, which con- 
tains full information on the ‘‘Megger” 
insulation and. resistance testers. It is 
available upon request to the company. 


Anhydrex Cables. Simplex-Anhydrex SA 
Cables (zero to 2,000 volts) are fully 
described in a 15-page booklet which is 
available from the Simplex Wire and Cable 
Company, 79 Sidney Street, Cambridge 
39, Mass. 


Isocyanate-Based Adhesives. Monsanto 
Technical Bulletin number P-745 is a com- 
prehensive review of the development and 
present practice, both German and Ameri- 
can, of isocyanate-based adhesives. The 
14-page bulletin also contains an explana- 
tion of the mechanism of the adhesion 


(Continued on page 32A) 
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INDUSTRIAL NOTES .... 


RCA Buys New Building. The Radio 
Corporation of America has purchased a 
large new building to provide an additional 
126,000 square feet of space for expansion 
of electron tube manufacturing facilities 
at its Harrison, N. J., plant. The building, 
part of the major expansion program of the 
RCA Tube Department, will house exten- 
sive new facilities and employ more than 
500 additional people. 


ALCOA Takes Over Subsidiary. Manu- 
facturing activities of the American Mag- 
nesium Corporation, the magnesium fabri- 
cating subsidiary of the Aluminum 
Company of America (ALCOA), have 
been assumed by the parent company, 
and all operations of the now inactive 
American Magnesium Corporation will be 
continued under ALCOA management. 
Robert T. Wood, formerly chief metal- 
lurgist for the subsidiary, has been ap- 
pointed chief metallurgist of magnesium 
products for the Aluminum Company of 
America, 


Acme Opens Toronto Branch. Acme 
Electric Ltd., Montreal, Quebec, Canada, 
the Canadian affiliate of the Acme Electric 
Corporation, Cuba, N. Y., has opened a 
new branch office and warehouse at 234 
Davenport Road, in Toronto. R. T. 
Smith has been appointed Manager. 


Dostal of Westinghouse Retires; Ap- 
pointments. Charles A. Dostal, Vice- 
President of Westinghouse Electric Cor- 
poration, and former Pacific Coast District 
Manager for the company, has retired. 
Westinghouse has also announced the 
appointment of Robert Russell as Vice- 
President of the Westinghouse Electric 
International Company, and the exchang- 
ing of positions between Vice-President 
W. O. Lippman, formerly in charge of 
plant labor relations, and now head of the 
Westinghouse Elevator Division, with 
Vice-President Thomas Turner, formerly 
head of the Elevator Division, and now in 
charge of plant labor relations. 


Cannon Electric Elects New President 
and Other Officers. The Board of 
Directors of the Cannon Electric Develop- 
ment Company, Los Angeles, Calif., has 
announced the election of new officers 
following the death of James H. Cannon, 
former President and founder of the busi- 
ness. Robert J. Cannon, eldest son of the 
founder, has been elected the new President 
and Treasurer; Richard L. Rowen has 
been named Vice-President and Production 
Manager; and John B. Milliken has been 
named Secretary. 


Leeds and Northrup Opens New Seattle 
Office. The Leeds and Northrup Com- 
pany has opened a new sales and service 
office in Seattle, Wash., which is equipped 
to service Washington, Oregon, Idaho, and 
British Columbia. Stratford B. Biddle, 
Jr., will direct the new office, and Ira F, 
Omwake, Jr., will also serve in that area. 
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Lear Re-elects and Adds Directors. At 
the annual stockholder’s meeting of Lear, 
Inc., three new directors were elected— 
Russell A. Stevenson, John W. Dreggs, 
and Dean C. Smith. Harold R. Boyer 
and W. P. Lear were re-elected. © 


De Nike to Direct Du Mont Sales. G. 
Edward De Nike has been appointed 
Manager of Teletron Sales for the Allen 
B. Du Mont Laboratories. 


Caxton Brown Retires from Weston. 
Caxton Brown has retired as Chairman of . 
the executive committee of the Weston 
Electrical Instrument Corporation. Al-— 
though withdrawing from active manage- 
ment of the company, Mr. Brown retains 
his post on the Board of Directors. 


Guy S. Hyatt, G-E Official Dies. Guy 
S. Hyatt, department comptroller of the 
General Electric Company’s Apparatus 
Department, died recently, at the age of 
46. G. L. Phillippe has been appointed to 
succeed Mr. Hyatt. General Electric has” 
also announced the appointment of L. D. 
Whitescarver as assistant manager of the 
Lynn (Mass.) Turbine and Gear Sales 
Division, and F. S. Kohl as Manager of 
the Fitchburg (Mass.) Turbine Sales 
Division. ~ 
Sheridan and Stifler, Jr., Join Sprague. 
John P. Sheridan has been named Wash- 
ington Engineering. representative of the 
Sprague Electric Company, and William 
W. Stifler, Jr., has joined the application 
engineering staff of that company. 


Sylvania Electric Opens Los Angeles 
Office. Sylvania Electric Products, Inc., 
has opened a new 40,000-square-foot Los — 
Angeles warehouse and office with photo- 
graphic laboratory and cathode-ray tube 
testing and experimental laboratory. 


W. N. Matthews Appoints Steckwell 
Transformer as Sales Representative. 
The W. N. Matthews Corporation, St. 
Louis, Mo., has appointed the Stockwell — 
Transformer Corporation, 569 South Main ~ 
Street, Akron 11, Ohio, as their sales. 
representative in northern Ohio. 


American Steel and Wire Appointments. 
The American Steel and Wire Company 
has made A. P. Hayden Superintendent, 
and J. A. Herr Assistant Superintendent of 
wire rope and tramway engineering. 


NEW PRODUCTS ee 


Valve-Type Lightning Arrester. The- 
Ohio Brass Company, Mansfield, Ohio, has. 
introduced a new valve-type lightning- 
arrester which is applicable to major- 
apparatus up to nominal ratings of 138 kv. 


(Continued on page 24A) 
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ready for your use. 


Where can YOU use a Magnetic Material 
with these specialized, dependable characteristics? 


The properties of Deltamax are invaluable for complete consistency in each standard size of core. 
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many electronic applications, such as new and 
improved types of mechanical rectifiers, magnetic 
amplifiers, saturable reactors, peaking trans- 
formers, etc. This new magnetic material is avail- 
able now as “packaged” units (cased cores ready 
for winding and final assembly) distributed by the 
Arnold organization. Every step in manufacture 
has been fully developed; designers can rely on 


THE 


ARNOLD 


ENGINEERING 


Deltamax is the most recent extension of the 
family of special, high-quality electrical materials 
produced by Allegheny Ludlum, steel-makers to 
the electrical industry. It is an orientated 50% 
nickel-iron alloy, characterized by a rectangular 
hysteresis loop with sharply defined knees, com- 
bining high saturation with low coercivity. 

@ Call on us for technical data. 
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Over 17;000 copies ofthis 

famous 640-page Struthers- 

Dunn RELAY ENGINEERING Hanp- 

es BOOK are now in use throughout the 

world! Replete with more than 1100 illustrations 

it is an ideal reference manual for everyone con- 

cerned with relay or timer application, use or 
maintenance. ... Price $3 per copy. 


HERE IS YOUR QUICK GUIDE TO 
RELAY SELECTION... 


Write for your free copy 
of Struthers-Dunn’s “Quick 
Guide to Relay Selection.”’ 
This handy, 32-page book- 
let contains condensed cat- 
alog and specification data 
on the most widely used of 
Struthers-Dunn’s 5,348 re- 
lay and timer types. Makes 
it easy to select exactly the 
right type for your appli- 
cation, 


STRUTHERS-DUNN, INC., 150 N. 13th Street, Philadelphia 7, Pa. 
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Manufactured under patent rights o 
Allmanna Svenska Elektriska Aktiebolaget, 
this arrester, called “Thorex,”’ has had 12 
years of European field application, total- 
ing over 40,000 units. Series gap structure 
of the Thorex arrester is made of only 
three components—the electrode plate, 
the grading resistor-spacer, and the central 


gauging these parts and of holding clos : 
tolerances permits convenient assembly of 
a precise gap structure. Its physical form 
likewise allows inspection of individual 
electrodes in their assembled condition 


electrode plate contact the porcelai 


rapid, consistent sparkover. No overstress 
is present at normal voltages. Operating 
tolerance is less than 10-per cent sparkove 
variation. Thorex arresters, using regulz 
production-run valve blocks, provide volt 
age discharge tolerance of less than pl 
five per cent, and pass standard tests for 
100,000-ampere discharge capacity a 
10,000-ampere duty cycle. A complete 
description of the new Ohio Brass Thorex 
arrester, Type GP, is available from the 
company. 


Insulated Tools for “Hot? Work. Es 
pecially designed for live work involvin; 
dangerous voltages, Cohardite insulated 
tools, manufactured by H. K. Porter, Inc. 
provide a great extra margin of safety and 
protection for personnel. and equipment. 
Cohardite maintains its high dielectric 
strength over the extreme range of working 
temperatures and in the presence of 
moisture, oil, or acid fumes. ‘Tools in the 
Cohardite line include meterman’s screw- 
drivers (factory-tested to. 5,000 volts), 
standard ‘screwdrivers, socket wrenches 
(factory-tested to 10,000 volts), wire cutters, 
and fireman’s cutters (factory-tested to 
20,000 volts.) Further information on the 
insulated tools is available from H. K. 
Porter, Inc., Somerville, Mass. 


Electronic Timer; Neutron Counter 
Tube. The General Electric Company 
has brought out a new electronic timer 
which provides automatic control of opera= 
tion, limit, and sequence timing. The 
timer is available in three time ranges: 
0.06-1.2 seconds, 0.6-12 seconds, and 
6-120 seconds. Some applications of the 
new device are: (1) operation timing to 
control duration of industrial processes; 
(2) limit timing (to stop conveyor belts if 
material piles up); and (3) sequence tim- 
ing with two or more timers in combina- 
tion to control duration of operations on 
machines, centrifuges, illuminated signs, 
and so forth. Life tests conducted by 
G-E indicate that the new timer can per- 
form a million or more operations at these 
controlled load requirements: inrush—~ 
15 amperes, carry—10 amperes, and 
break—5 amperes. Additional informa- 
tion on the timer is contained in the com- 
pany publication, GEA-5255. 

General Electric has also announced the 


Le 
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TYPE JCE § 
Oil Circuit Breakers 
14.4 kv — 600 amp 
$00,000 int. kva; 

600 and 1200 amp 
- 250,000 int. kva; 
23 kv — 600 amp 
250,000 int. kva. 


NEMA STANDARDS 


Get All Faers « 


Motor-Compressed Closing Springs — assure 
Positive reclosing from full-open position. If 
control power lost, manual recompression takes 


to one minute; normal closing 
then follows. 


Single-Unit Rotary Contact Structure — moves 
as one piece—under no mechanical stress in 
either open or closed Position—easy to jn- 
spect. 


Simple Interrupter— a 
or not it is "in order." 


glance shows whether 


currents—leaf springs 
Pressure so require no 
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Performance 
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Pacific Electric 14.4- and mh a 
Breakers give Transm ee z 
protection on Distribution Lines | 


Trip Free — mechanically and electrically, in 
any position, 


Control Current No Greater Than Trip Current 
—even for high-speed reclosing, the control 
current is carried by small-sized wires. 


ing-mechanism cabinet—for all usual duties in- 
cluding cut-off of instantaneous attachment 
after first reclose, if specified. 


Full A-c if Desired—rectifiers not required— 
4-c control and series trip available with or 
without relays, 


Shipped Assembled — tested and adjusted at 
the factory, 
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Installation of Pinco L 1070’s on a 33KV line at 
Valatie, N. Y. Prize winning photo submitted by Robert S. 
Halligan, New York Power & Light Corp., Albany, N. Y. 


PINCO SUSPENSION INSULATORS HAVE ROLLED 


up more THAN BO,OOO0,O0O0 


SERVICE YEARS WITHOUT REPLACEMENT 


because of electrical or mechanical failure 


We don’t yet know the “life expectancy” of Pinco Suspension 
Units—for on installations dating back to 1921, they have rolled 
up this impressive service record . . . a record unmatched for su- 
perlative, trouble-free performance. Thirty successful years in 
designing and manufacturing insulators back up the Pinco slogan 
—“RIGHT for the Job... RIGHT on the Job. . . always!” 
Remember this whenever you specify and buy insulators. 


See Page 65 of the Pinco:Catalog No. 49 for 
complete electrical and mechanical characteristics. 


“Jhe Porcelain Insulator Corporation 
763 Main Street, Lima, N. Y. 


Sales Agents: JOSLYN MFG. & SUPPLY CO. 
Offices in Principal Cities 


Suspension Insulators . . . Switch and Bus Insulators . . . 
Distribution Clamps . . . Distribution Pin Types and Guy 
Strains ... Transmission Line Fittings ... Tree Insulators... 


Transformer and Circuit Breaker Bushings . . . One Piece 
and Multi-part High Voltage Pin Types... Suspension 
and Strain Clamps .. . Indoor Bus Support Porcelain , . . Lightning Arrester Porcelain, 


° 1920 Thirty Years Service to the Electrical Industry 1950 © 
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development of a new proportional € 
tube, sensitive to thermal neutrons, whic 
enables measurements of slow neutn 
intensities for nuclear scientific purpo 
Two applications of the boron-lined — 
are health physics and pile technolc 
The internal surfaces of the catk 
cylinder are coated with metallic b 
enriched in the isotope boron 10 which 
a large effective area for the capture 
slow neutrons. The cylinder is filled 
a gas mixture to obtain self-quenc 
action. On capturing a slow neutr 
the nucleus of the boron 10 isotope 
integrates into an alpha particle and 2 
lithium nucleus, with a release of a knowl 
amount of energy, which is shared ce t 
two particles which fly apart in oppos 
directions. Because these particles 4 
positively charged, they react with 
electrons in the gas that is sealed in 
tube, thus causing ionization to take pl 
in the tube. ‘The counter is so construc 
as to have all external high-voltage poi 
shielded electrically and physically. Eig 
and 12-inch tubes are available. 
Further information on both of the above 
devices is available from the Apparatus 
News Bureau, General Electric Company, 
Schenectady 5, N. Y. 


Humidity Controller. An _ instrument 
which records and automatically controls 
humidity has been developed by the Weston” 
Electrical Instrument Corporation, 614 
Frelinghuysen Avenue, Newark 5, N. Jy 
Utilizing the psychrometric wet and dry 
bulb principle, the controller automaticall 
regulates the wet-bulb (relative humidity) 
depression for which it is set, regardless 
of any fluctuations in the dry-bulb tempera- 
ture. The flow of the humidifying agent, — 
moisture, steam, or oil fog, is regulated 
by a valve which is operated by the control — 
instrument. The instrument can be used — 
for all process industries and utilities— 
where applications involve gas, such as 
the saturation of natural gas in the main, — 
bars can be clamped on the case of the 
instrument to make it gas-tight. Descrip- 
tive literature is available from Weston. 


- 


150-Ampere Supply. Sorensen and 
Company have filled a gap in their standard 
28-volt Nobatron line by the addition of a 
new 28-volt 150-ampere regulated d-c 
supply. Previously only 30-, 70-, and 350- 
ampere capacities were available. Elec- 
trical specifications of the portable unit 
are as follows: input—208/115 three 
phase, four wire; output—28 direct 
volts (adjustable ten per cent); load—15 
to 150 amperes; regulation accuracy 
0.25 per cent against line or load; and 
ripple—one per cent maximum rms 
Additional information on the ampere 
supply may be obtained from Sorensen and 
Company, Inc., 375 Fairfield Avenue, Stam= 
ford, Conn. 


Distance Ground Relay; Splashproof 
Motor. The Westinghouse Electric Cor 
poration, Box 2099, Pittsburgh 30, Pa., has” 
announced development of a new high- 


(Continued on page 46A) 
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MULTUMITE SWITCHGEAR IS COMPACT... EFFICIENT! 


The compactness of I-T-E Multumite assemblies is well illustrated in the 
above photo. Behind the attractive exterior of this switchboard are strong, 
efficient breakers and components—designed and built to provide positive 
protection of secondary distribution systems. 


Electrically welded steel frames—one for each vertical group of breakers— 
are bolted together on a continuous channel-iron sill (furnished by I-T-E) to 
make a strong, rigid, and self-supporting structure. In addition to keeping the 
switchboard rigid in transit, the sill provides an excellent vermin-proof base 
for installation. 


For extra protection of equipment, each breaker isin a separate metal com- 
partment formed by horizontal and vertical steel barriers welded to the 
frame, exterior metal panels, and the metal back of breaker itself. 


ee ae 
cb ew 


a ere 
"EN AVE CURR Ratna ia 


Here’s another reason installation of I-T-E Low Voltage 

Switchgear is so easy. A spacious bus compartment with a 

single horizontal bus facilitates cable connections, makes 

-them easy to get to, provides more space for outgoing 

cables. Full-height hinged doors swing wide, can be removed 

—S easily. The whole compartment is planned for maximum 
accessibility and greater convenience! 


10 8 For more dependable Switchgear 
= | ' ieee ee ____ specify |-T-E! 


I-T-E Circuit Breaker Company ¢ 19th & Hamilton Streets * Philadelphia 30, Pa. 
Power Switching Equipment: Railway and Industrial Engineering Co., Greensburg, Pa. 
Canadian Mfg. & Sales: Eastern Power Devices, Ltd., Toronto © Export Sales: Philips Export Corp., New York 


SWITCHGEAR © UNIT SUBSTATIONS © ISOLATED PHASE BUS STRUCTURES © CIRCUIT BREAKERS © MECHANICAL RECTIFIERS © RESISTORS * SPECIAL PRODUCTS 


(Continued from page 42A) 
speed distance ground relay, known as type 
HXS, which measures the zero sequence 
voltage drop from the relay to the fault, 
and balances this voltage against the zero 
sequence current to give the zero sequence 
impedance. A phase selector relay is used 
to obtain the proper phase-to-neutral 
voltage. The HXS automatically applies 
the voltage of the faulted phase, properly 
compensated, to the single distance relay. 
For correct measurement under all condi- 
tions, the relay is made to measure the 
reactance component of the zero sequence 
impedance. Mimimum length of line to 
which the type HXS relay can be applied 
must be long enough to produce at least 
five volts zero sequence voltage drop on 


the relay when the fault exists at the balance 
point and short-circuit current is flowing. 

The Westinghouse Electric Company has 
also developed a new splashproof-type 
CSP life-line squirrel-cage induction motor, 
which has been designed for constant 
speed applications both outdoors and in- 
doors. The motor is fully protected from 
dripping or splashing liquids by solid 
rolled-steel frames and baffles in the end 
brackets, and is equipped with prelubri- 
cated bearings. Ratings are: horsepower, 
71/2. to 100; cycles, 60, 50, 25; volts, 208, 
220, 440, 550, 230; and National Elec- 
trical Manufacturers Association standard 
dimensions: frames 364 through 445. 

Further information on either product 
may be obtained from Westinghouse. 


ena 


S REDUCE ACCIDENTS . . INCREASE SAFETy 


Multi-Contact RELAYS 
for Specialized Controls 


4 Mechanical locking, no 
featuring latching. 
Single solenoid action 


: cea _ With integral control 
contacts permitting circuit connections equiva- 
lent to a two-coil unit. 


Wiping and adjustable contacts for reliable 
Service at milliamperes of load at low voltage 
or at full rating. 


in three 
available 
combinations 


10 and 25 amperes; AC 
to 550 volts; DC to 250 
volts, 


10 amperes to 12 poles 
normally open and 12 
poles normally closed 
or any combination of 
normally open and nor- 
mally closed poles. 550 
volt AC maximum. 


normally closed or any combination of normally 
open and normally closed poles. 250 volt DC 
maximum, 


25 amperes to 6 poles normally open and 6 poles 
normally closed or any combination of normally 
open and normally closed poles. 250 volt DC 
550 vole AC maximum. 


10 amperes to 6 poles normally open and 6 poles 


Screwdrivers and 
wrenches _ factory- 
tested to .10,000 
volts 


Wire cutters: 
factory-tested to 
20,000° volts 
Tough; rugged, 
durable insulation 
helps prevent acci- 
dents to men 
Prevents damage to 
valuable equip- 
ment 
Maximum Cohard- 
ite covering for 
i protec- 


See your supply house 
or write direct for de- 
Jive tails, prices, etc. 


Service. H. K. PORTER, Inc. 


Somerville 43, Mass. 


Do you require a sturdy reliable RELAY 
- tO maintain circuit control regardless of 
momentary interruption in control line 
due either to low voltage or associated 
relay operating time? Do you need a 
RELAY to provide “memory” circuits 


or to permit preset control operations? - 


Utilities have found them very useful in 
combination for AC service on contacts, 
DC operating coil. Control systems 
needed for many machine tools, indus- 
trial machines and furnaces will find 
such a RELAY in this special ASCO 
design. And when the AC hum of a 
magnetically - held relay would be a 
nuisance, this mechanically ‘held ASCO 
RELAY would be ideal. 


In writing for further information, write 
us fully about your requirements, 


AUTOMATIC TRANSFER SWITCHES © REMOTE CONTROL SWITCHES © CONTACTORS e RELAYS 


We also manufacture a complete line of Solenoid Operated Valves for Automatic and Remote 
Centro! of Liquids and Gases 


Aulomatic Switch Co. 


385-F Lakeside Avenue 


° .. Orange, New Jersey 
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Hermetically Sealed Photocell. T. 
ternational Rectifier Corporation, — 
South Victoria. Avenue, Los Ange 
Calif., has developed a hermeticall 
selenium photoelectric cell having an a 
age current sensitivity of 600 microamp 
at an illumination of 100 foot-candles 
a 100-ohm external circuit resistance 
cells are self-generating and do not: 
any external source of power. When 
cell is exposed to light, electric cu 


tions can be performed: testing, autc 
lights, automatic counting, burglar < 
determination of oxygen counting of 
photographic exposure metals, and so; fo 
Additional information may be obt 
from the company. j i 


Portable Oscilloscope. 
ucts Company, Inc., has added 
model portable osciHoscope to its. 
model S-74-A, referred to as the ‘ 
Industrial Pocketscope.” ‘The 
scope weighs only 12!/2 pounds, a: 
ures 12 inches by 53/, inches. 

include identical vertical and ho 
channels with ten millivolts per in 
tivity, response from zero to 200 kc 
minus two decibels; non-frequency-d 
inating attenuators and gain contr 
internal calibration of trace amplitu 
linear time base oscillators with p 
minus synchronizer for either repetiti 
trigger sweeps from one-half cycle to 5( 
The Waterman Products Company, I 
2445 Emerald Street, Philadelphia 25, 
will supply any additional information. 


w 


Protection on Rural Lines. Protec 
from lightning, short circuit, and overloac 
on rural lines is provided by the Matthews 
‘**Protectogap-Protectolink’? combinations, 
manufactured by the W. N. Matthews 
Corporation, 3850 Delor Street, St. Louis 
16, Mo. By grounding the expulsion gap” 
assembly rather than the hanger, birds or 
animals are prevented from short-circuitin 
the device. The expulsion gap has 
impulse values and is ahead of the fuse 
which reduces the number of fuse out: 
caused by lightning. The combination 
are available in the following rati 
5 kv to 50 amperes; 7.5 kv to 50 amper 
and 15 kv to 50 amperes. Interrupti 
capacity of the Protectogap Assembly 
8,000 surge amperes with 1,200-ampere 6 
cycle follow current. Further details 
available from the company. 


Television “Isotap.”” The Radio Corpo: 
ration of America has introduced a t 
vision “‘Isotap,”’ a test instrument design: 
to speed up television receiver service, mi 
mize shock hazards, cut down service 
turns, and prevent damage to shop test | 
equipment. The a-c line voltages required 
for testing under conditions of normal and 
fluctuating power-line voltages are provided 
by the instrument, permitting quick traci 
of faults that are due to low line voltag 

and quick detection of intermittents. Also;y 
isolation features of the instrument sa 
guard personnel against shock hazards i 


(Continued on page 50A) 
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Small wonder more and more electric utilities 
are specifying Rome Self-Supporting Second- 
ary and Service Drop Cable. Its simplicity of 
construction, its lower cost (up to 25 per cent), 
compared with conventional Service Drop 
(Type SD) Cable, will save you money. 


HERE’S WHY... 


e Ease and economy of installation with less 
labor and cheaper hardware 


e Eliminates crossarms and permits shorter 
poles 
e Longer life in all weather because of its all- 


e Conductor accessibility with no common 
covering to remove 


e Less subject to damage by storm and falling 
limbs . . . will operate SAFELY even if down 


e Better voltage regulation because of lower 
reactance in long and heavily loaded cir- 
cuits 

A product of Rome Cable engineering, Rome 

Self-Supporting Secondary and Service Drop 


Cable is today’s answer to high service instal- . ~ 


lation costs. Its advantages have been service 
proven by leading utilities. Send for Bulletin 


RS-4 and see for yourself why it is the accepted 


resistant Neoprene or polyethylene insulc- cable for economical overhead services. 


tion .. . no braids to rot or festoon 


e Less tree triming because of its high resist- 
ance to abrasion 


IT COSTS LESS TO BUY THE BEST 


Rated at 600 volts with 
maximum continuous 
copper temperature 

of 80° C. 


STREET LIGHTING CABLES 


Rome manufactures a wide range of high and low 
voltage cables for underground or overhead wiring 
or series and multiple lighting systems. 

e RoZone-RoPrene (Neoprene) offers the ultimate in 
non-metallic sheathed series street lighting cables 
suitable for direct burial or duct installation. 

e RoLene (Polyethylene) insulated types are a new 
development and offer considerable economic 
advantages. 

e RoLene (Polyethylene) Belted Ornamental Pole 
and Bracket (Mast Arm) Cable is an up-to-date 
design featuring improved construction with small 
diameter and low cost. 


oZone-RoPrene Series Street Lighting——5,000 Volts 


1e-Rome Synthinol* Series Street Lighting—5,000 Volts 


Ornamental Pole and Bracket Cable—4,000 to 12,000 
ARK REG. Open Circuit Voltage 


ABLE CORPORATION, Dept. EW-7, Rome, N. Y. 
2nd me Bulletin RS-4 


ROME CABLE <QN 
& 


TS LS eae Corporation oy 
ees. dancc evan ded eecaens <= deus anes <a ~~a=aneagaunsaons—<eedscame iy ROME : NEW YORK 
DMeGiats Gan sae “NN From Bar to Finished Wire 

Zone .....-.- Staten..s-< 
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DRY-TYPE 


Sub-Stations an 
Power Centers 


for indoor installations 


comet YOU Exact Requirements 


Not necessary to design or change your installation to fit a ‘‘standard” 


Any type of primary switch gear. 
Metering—primary or secondary, to suit. 
Secondary breakers, main, branch, or tie. 


Interlocked or automatic throw-over. Draw-out or stationary types. 
Magnetic trip, or thermal, or combination. 
All incorporated with high quality, liberally designed 


Sorgel Air-Cooled Transformers 


All factory wired, tested and assembled. Mounted on a substantial steel base. 
Shipped as a single unit or in sections, accurately co-ordinated for easy 
assembly on the job. Sizes up to 2000 Kv-a. All voltages up to 15 KV. 


Send for new bulletin 450 


2000 Kv-a. 12,000 volt sub-station, with primary fused load interrupter switch 
temperature indicator and alarm, and extra contacts that may be used 4 
to operate forced draft fans to increase capacity 25% 


TT ee 


Sales Engineers in Principal Cities 


SORGEL ELECTRIC CO., 846 W. National Ave., Milwaukee 4, Wis. 


Pioneers in the development and manufacturing of Air-Cooled transformers 


50A 
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the servicing of the transformerless or 
type of receiver. Primary winding 
Isotap has a line-voltage matching sw 
which is adjustable in 5-volt steps ov 
range of 105 to 130 volts; two outpu 
cuits are a 275-volt-ampere isolation se 
ary and an autotransformer connec 
providing 500 volt-amperes. Each out 
provides high, low, and medium voltag 


tion of America, Camden, N. J., wi 
vide any other information on the Isot 


TRADE LITERATUR 


Glass-Beaded Paper. Minnesota Mi 
and Manufacturing Company has i 
a laboratory report which contains 
details on the company’s new glass-k 
paper, “Spherekote,’’ which has a co 
of thousands of microscopic glass beads 
square inch. The paper may be used 
an inner-lining, as a finishing paper, 
burnishing paper, as an insulation mate: 
as a wrapping material, and in metal 
ing operations. The “Spherekete”’ Lal 
tory Report is available frem Minne: 
Mining and Manufacturing Company 
900 Fauquier Street, St. Paul 6, Minn. 


High Nickel Alloys. Two new teck 
bulletins on the properties of high n 
alloys have been issued by The 

national Nickel Company, Inc., 67 
Street, New York 5, N. Y. Tec! 
Bulletin Y7-7, ‘Engineering Propert 
Inconel,”’ contains information on In 
and Inconel ‘“X,” one of the newer | 
hardenable nickel alloys. Technical I 
tin 7-9 deals with “Engineering Prop 
of K Monel and KR Monel.” 
bulletins are available from the 
national Nickel Company upon 

request. 


Arc Welding News. Volume 
number one, of “Hobart Are W 
News,”’ is a 24-page booklet of photo 
and articles on welding. Copies are 
able upon request to the Hobart Bre 
Company, Troy, Ohio. 


Stainless Steels. ‘Stainless Steel for 
Resistance,” published by the Armco 
Corporation, Middletown, Ohio, discus 
the properties of stainless steel_and outl 
the proper grades to use for parts subje 
to heat. The bulletin is available 
request to the corporation. 


Magnet Wires. Complete information on 
General Electric’s Formex and Deltabeste 
magnet wires is available in a 32-page book 
let published by the company’s Ca 
struction Materials Department. 
booklet combines the listing of both filn 
type and asbestos and glass-insulated mag 
net wires, and covers development, proj 
erties, applications, advantages, and i 
stallation details. The booklet may | 
obtained from the Construction Materi: 
Department, General Electric Compan 
Bridgeport 2, Conn. 
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OKOLITE-OKOPRENE CABLES 


EXTEND CIRCUIT LIFE 


Okoloy coating on conductors—the special cor- 
rosion-resistant lead alloy that outlasts tinning 2 to 1. 


Semicon tape over conductors—used in all 
Okolite-Okoprene cables operating at over 2,000 
volts—eliminates internal corona cutting and in- 
creases dielectric strength. 


Okolite insulation— moisture-resisting, high-volt- 
age Okolite is made with Up-River Fine Para 
Rubber, the best grade of natural rubber. This 
oil-base insulation has been proved in years of 
service and is approved by Underwriters’ Labora- 
tories, Inc. as Type RW. 


Okoprene sheath—the pioneer neoprene cable 
covering developed in the Okonite laboratories. 
Its life-extending durability and stable character- 
istics have been demonstrated on millions of feet 
of cable installations. Okolite-Okoprene cable is 
approved by Underwriters’ Laboratories, Inc., as 
Type RWSN. 


Besides these four basic features, Okolite- 
Okoprene cables possess many other advan- 
tages in installation, operation, design and man- 
ufacture. For complete information on charac- 
teristics and applications, write for Bulletin 
EG -1037. The Okonite Company, Passaic, N. J. 


(+ | K } Re : T = insulated wires and cables 
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“NATIONAL 


SUPPLY COMPANY sol ves 


Mr. Todd of National Supply views the General 
Electric 1500-kva load-center unit substation 
located in welding shop (5 on air view, opposite ’ 
page). Substation receives power at 16,500 
volts and steps it down to 440 volts for dis- 
tribution through 18 Type AK-1 low-voltage air 
circuit breakers for distribution to various 
welding loads. Air circuit breakers are rated — 
400 amperes, have 25,000 ampere interrupting 
capacity to adequately handle all short cir- 
cuits. Note entire load-center is metal-enclosed, _ 
thus offering operating safety to personnel, ” 


Switchgear in the main powerhouse (4 on air view, opposite page). Units at left are for Be sure to see the ‘‘More Power 
protection of 2300-volt motors and are fed by 1000-kva transformer. Other cubicles to America” full-color sound 
contain equipment associated with DC generators and cranes, plus 24 low-voltage air slidefilm ““Modern ‘Industr ia 
circuit breakers fed by 1500-kva transformer. G-E switchgear is neat in appearance, Power Distribution.“ Ask you 
saving in space. Additional sections can be added for future expansion with a minimum G-E sales representative fo ¢ - 
of bother and expense. range a showing for yo 4 
organization. gues Beh 


. * 
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power distribution problem 


Here’s the 1600-employee Torrance plant of National Supply that manvu- 


factures heavy equipment for oil companies and mines, and precision 
parts for the Air Force’s B-36 bomber. Total connected load is 28,000 
horsepower, with all the electric power flowing underground through a 
General Electric power distribution system, The key to the numbers on 
the air view are... 


1 Switchgear handling the 16,500-volt incoming power from Southern 
California Edison, 

2 Electric-furnace substations: 5000, 5000 and 1500 kva, 

3 Navy shaffting substation: 1500 kva. 

4 Powerhouse substations: 1500 wee 440 volts; 1000 kya, 2300 volts. 
(See photo lower left, opposite page.) 

5 Welding-shop substation: 1500 kva. (See photo upper left, opposite 
page.) 

The National Supply installation is a complete General 

Electric project—one source of responsibility plus the 

very best in co-ordinated planning, engineering, man- 

ufacturing, and service facilities to give maximum 

savings and efficiency to the customer. 
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SUBSTATIONS — 


“Our first electrical need is versatility. 
We have hundreds of different machines 
and operations, making everything from 
precision parts to heavy forgings. 


“We asked for—and got—a system that 
handles all the complexities of our plant, 
yet is extremely simple to operate. Sim- 
plicity on the operating end is important 
to a production man like myself. 


“We knew we'd get reliability with G-E 
equipment. What really sold me, though, 
was the way the system met our problems 
. . . occupied only a small space, was in- 
stalled quickly and easily, and still was 
flexible enough to give us all the service 
we needed and provide for future ex- 
pansion at low cost. With its more than 
adequate interrupting capacity, we know 
our G-E system can handle anything.” 


Harry L. Todd, Electrical Engineer 
National Supply Company 
Torrance, California 


SAVE TIME by climinating weeks spent over drawing 
boards detailing individual items. G-E factory-assembled 
unit substations ate quickly and easily installed with 
lower material and labor costs than required for “‘piece- 
meal,’’ makeshift affairs. No last minute “‘alterations”’ 
with hacksaws and cold chisels when you order G-E 
unit substations. 


INVESTIGATE TODAY how General Electric unit sub- 
stations can be used in your plant for efficient, flexible 
power distribution. Contact your G-E sales representa- 
tive for further information, and write today for the 
helpful bulletins listed below. Apparatus Department, 
General Electric Company, Schenectady 5, New York. 


GEA-3592 Load-center Unit Substations 
GEA-3758 Load-center Power Distribution 
GEA-3083 Metal-clad Switchgear 


321-70 
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STACKPOLE CARBON COMPANY .« St. Marys, Penna. 


]. The Coal Drill Motor Case 9 


Brush life on a coal drill motor was far 
less than it should have been. But no 
change in brush grade was indicated by 
the Stackpole-'serviceman’s investiga- 
tion. All that was required was suitable 
compensation and re-setting of the 
brushes as far as neutral was concerned, 


,..or 3 who-dun-its * ] 


Often a new brush grade is the answer to brush 
problems. In many other cases it isn’t. Careful 
examination of factors directly related to brush 
performance frequently reveals defects which, be- 
cause they cause brush troubles, are blamed on the 
brushes themselves. 4s 

Included here are three typical case histories. As 
the world’s largest producer of small motor brushes, 
Stackpole offers a wealth of practical experience 
both in supplying suitable brush grades and in ap- 
plying them for best results. One service is rendered 
as willingly as another. Stackpole brushesare sold di- 
rect to manufacturers of originalrotating equipment. 


The ac-de 
inverter case “yz 


. Brush trouble on the input side of an ac-de — 


The gas pump 
d-c motor case 


Despite careful laboratory testing by the pump manufacturer, 
considerable trouble was experienced in finding brushes that 
would perform satisfactorily under field conditions. The trou- 
ble—as shown by Stackpole’s investigation—came because the 
effects of polarity had been disregarded in the pump maker’s 
brush tests. A satisfactory brush was quickly recommended. 


inverter proved a puzzler—until a Stackpole — 
brush engineer was called on the job. He ~ 
quickly found that the troublesome brush — 
was simply being improperly fed by its phos- 
phor bronze spring. Equipped with piano 
wire steel springs, the same brush grade 

performed perfectly. , 


STACKPOLE,___. 


ELECTRICAL BRUSHES AND CONTACTS (All carbon, graphite, metal and composition types) RARE METAL CONTACTS 
—WELDING RODS, ELECTRODES and PLATES—BRA ZING BLOCKS—RHEOSTAT PLATES and DISCS—PACKING, PISTON 
and SEAL RINGS—CARBON REGULATOR DISCS—SINTERED IRON COMPONENTS—CARBON PIPE and many others. 
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For TV, FM, and AM... RCA preferred-type receiving tubes 
offer these important advantages ... 


Flexibility—RCA preferred-type re- 
ceiving tubes cover virtually every tube 
function essential in TV, AM, and FM 
receivers ... and allow the engineer 
latitude to express individuality in his 
circuit designs. 


Performance— These types have dem- 
onstrated their reliability over a period 
of time in circuits of widely different 
designs. Proved in service, they are 
most likely to succeed in future 
designs. 


Economy— This group of 44 tube types 
represents more than half of RCA’s 
current receiving tube volume. By 
concentrating production on these 
few types, substantial savings are real- 
ized in manufacturing costs which are 
passed on to the equipment manufac- 
turer... and quality and uniformity 
are sustained at a high level. 

Standardization— By concentrating 
on RCA preferred tube types, the 
equipment manufacturer also benefits 


by his ability to standardize on com- 
ponent parts ... resulting in purchas- 
ing and stocking economies. 


A reference booklet (3F953), describing 
RCA’s preferred-type receiving tubes and a 
wall chart (3F955R), listing these types, are 
available with- 
out charge. 
Write RCA, 
Commercial 
Engineering, 
Section 139R, 
Harrison, 
New Jersey. 


FA PINION ACH Pe TEE 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


HARRISON, N.J. 
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Your answer, too, for 
extreme precision in 
remote indication 
and control systems 


Instant responsiveness, complete smoothness of opera- 
tion and a high torque/rotor inertia ratio make Kolls- 
man Induction Motors ideally suited for use as servo or 
follow-up motors in control mechanisms. These minia- 
ture two-phase units have fast starting, stopping and 
reversing characteristics and deliver maximum torque 
at stall. Designed with distributed wound stators and 


squirrel-cage ctype rotors, they perform smoothly from 
zero tO maximum f.p.m., with no “cogging” action in 
the low speed ranges. They may be energized by two- 
phase AC or by single-phase, using a phase-splitting 
condenser in series with one winding. 

The Induction Motors constitute one series in a com- 
plete line of special purpose AC motors designed and 
manufactured by Kollsman, leader in the field of pre- 
cision aircraft instrumentation and control. Among 
those available, you may find the exact answer to your 
control problem. If not, the skill and experience of 
Kollsman engineers may be relied upon to produce a 
unit that fulfills your particular specifications. For 
further information regarding these motors, address: 
Kollsman Instrument Division, Square D Company, 
80-08 45th Avenue, Elmhurst, New York. 


KOLLSMAN INSTRUMENT DIVISION 


SQUARE 


ELMHURST, NEW YORK 


COMPANY 


D 


GLENDALE, CALIFORNIA 


‘ 
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ii MATCH power supply with public demand more quickly and 
economically, the single circuit unit substation fills an urgent modern 
need. This self-contained unit is easily moved between locations as the 
situation demands. While small in comparison with large central stations, 
these isolated installations demand even more attention to small details 
leading to maximum trouble-free operation, since they function with a 
minimum of human supervision--hence, the presence of O-B bushings 
on this Allis-Chalmers unit sub. Among its characteristics, pointed out 
by A-C, are...“Rating, 1500 kva. Voltage, 33,000-4160. Allis-Chalmers 
Oil-Sealed Inert Gas system for protecting oil, and 32-54 percent step 
regulator mechanism. All components arranged for easy access for in- 
spection and maintenance; consisting of a three-phase transformer, com- 
plete switchgear, tap changer, and necessary controls, plus...” 


BUSHINGS 


ONE OF THE FINEST COMPONENTS 
OF ANY TRANSFORMER 


MANSFIELD, OHIO 
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TRANS FORMERS 


Transformers for: Constant Voltage * Fluorescent Lighting 


* Cold Cathode Lighting + Airport Lighting * Series Lighting * Luminous Tube Signs 
Oil Burner Ignition * X-Ray * Padwer * Controls » Signal Syste 


ms * etc. * SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, Illinois 
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Slash Instrument— 
Inventory: 


* The most complete line 
Meets A.S.A. standards 
x Shipments in 10 days 


+ 


Cut overhead on instruments. Maintain production without costly stocks. 

Westinghouse now offers the most complete matched line of panel and switchboard 
instruments in the industry ... every one built to the rigid standards of “The American 
Standards Association”. Shipment can be made to meet practically every electrical re- 
quirement within ten days of receipt of order at the factory. 

Westinghouse Instrument Specialists are ready to help you plan. These men have 
nationwide experience in solving instrument application problems of all kinds. For appli- 
cation help on instrument problems, phone, write or wire your nearest Westinghouse 
Representative, or Westinghouse Electric Corporation, 95 Orange Street, Newark, N. J. 


J-40390-A 


_Specity Westinghouse - ge mare ror your tastrament dollar / 


INSTRUMENTS 
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Basic facts, 
illustrative examples 


ELECTROMAGNETIC 
FIELDS: THEORY 
AND APPLICATION 


Volume I: | Mapping of Fields 


By ERNST WEBER 
- Polytechnic Institute of Brooklyn 


This book covers, for the first time, 
all the different means of obtaining 
electric, magnetic, or any other 
field distributions which can be 
derived from potential functions. 
It gives a systematic presentation 
of the important basic relations and 
the analytical, experimental, graph- 
ical, and numerical methods of 
solving static field problems. 


WIDE APPLICATION 


The methods presented in the book 
for obtaining field solutions are 
equally applicable to problems of 
stationary: heat flow, stationary 
flow of incompressible fluids, sta- 
tionary electric current flow, and 
gravitational field problems as well 
as to the major illustrations of 
electric and magnetic fields. 


OUTSTANDING FEATURES 


¢ Extensive and clear treatment of 
both electric and magnetic 
images. 

* Complete presentation of all 
three dimensional orthogonal co- 
otdinate systems. 

* Use of MKS system of units 
throughout. 

* Coverage of ‘‘conformal map: 
ping’’ equalled by no other book. 

* Reasons why one method might 
be more practical or accurate 
than another, in all instances. 


June 1950 $10.00 


Send For Book For 10 Days’ Examination 


ON APPROVAL COUPON 


JOHN WILEY & SONS, INC. 
440 Fourth Ave., New York 16, N.Y. 


Please send me, on 10 days’ a 
roval, a copy of Weber’s ELEC- 
ROMAGNETIC FIELDS. If I 
decide to keep the book, I will remit 

$10.00 plus postage; otherwise 

I will return the book postpaid. 


590 pages 
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(Offer not valid outside U.S.) 
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G-E News. 


INDUSTRIAL NOTES ... 


I-T-E Forms Small Circuit Breaker 
Division. A separate small circuit breaker 
division which will include all molded 
case circuit breakers and related accessories, 
has been formed by the I-T-E Circuit 
Breaker Company, Philadelphia, Pa. 
Frederick G. Schmidt, formerly assistant 
to the president, has been appointed 
Manager of the new unit. 


American Steel and Wire Appointments- 
Perry T. Coons has been appointed as- 
sistant to the Vice-President of the Ameri- 
can Steel and Wire Company, a United 
States Steel subsidiary. The company 
has also announced that the Wire Rope 
and Construction Materials Division, 
headed by Mr. Coons for 14 years, will be 
split into two separate sales units, with 
M. E. Capouch as Manager of the Con- 
struction Materials Sales Division, and E. 
T. Eggers Manager of the Wire Rope Sales 
Division. Other appointments are those 
of Thomas M. Camerden as Pittsburgh 
District Manager of Sales, and Paul L. 
Lindsay, Manager of the Cincinnati Dis- 
trict sales office. 


Van Horn Associate Director of Research 
for ALCOA. Dr. Kent R. Van Horn has 
been named Associate Director of Research 
for the Aluminum Company of America 
(ALCOA). The company has also an- 
nounced the appointment of Herman E. 
Bakken as Vice-President and General 
Manager of the Aluminum Ore Company, 
a wholly-owned subsidiary of the Alumi- 
num Company of America. 


Newport News Appoints New England 
Sales Representative. The Newport News 
Shipbuilding and Dry Dock Company of 
Newport News, Va., has announced the 
appointment of the Whitty Engineering 
Company of 10 High Street, Boston, Mass., 
as its New England sales representative. 


Brigadier General Tom C. 
Rives, United States Air Force (retired), 
has been appointed to the staff of the 
Commercial Equipment Division of the 
General Electric Electronics Department. 
General Electric has also announced the 
election of John L. Busey as a Vice-Presi- 
dent of the General Electric Company in 
charge of marketing policy, a newly 
created post. William V. O’Brien has 
been elected a commercial Vice-President 
and has been named Assistant Manager 
of marketing policy. Charles R. Pritch- 
ard, formerly Manager of Marketing for 
the company’s Appliance and Mer- 
chandise Department, has been elected 
President and a Director of the General 
Electric Supply Corporation. 
Appointments in the General Electric 
Apparatus Department are: Harrison D. 
Beale, made Manager of the Renewal 
Parts Division, Industrial Divisions; J. 
P. Keller, named assistant to the manager, 
Industrial Divisions; L. E. Newman, 
appointed Superintendent of all generator 
and turbine bucket manufacturing for the 
Turbine Divisions; and Robert S, Neblett, 
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G. L. Edwards of United States Steel 
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made Assistant Manager of Sales, Turbin 
Divisions. “ 


Retires. Gordon L. Edwards, Vice-Presi- 
dent and Treasurer of the United States 
Steel Corporation, has retired, after more 
than 50 years of service with the company. 


H. W. Zimmer, Executive Vice-President 
of Sylvania; Goddard to Head National 
Accounts Sales. H. Ward Zimmer has 
been elected Executive Vice-President of 
Sylvania Electric Products, Inc. Also, 
Charles H. Goddard has been put in 
charge of national accounts sales in the 
Lighting Division. Mr. Goddard will also — 
continue in his present capacity as Manager 

of Utility Sales. 


of RCA Victor, Dies. John G. Wilson, _ 
Executive Vice-President in charge of the 
RGA Victor Division of the Radio Corpora- 
tion of America, died recently. Mr. 
Wilson joined RCA in 1944. 


Westinghouse Forms New Field Sales — 
Department. The Electronics and X- 
Ray Division of Westinghouse Electric 
Corporation, Baltimore, Md., has an- 
nounced formation of a new- field sales — 
department, with F’. W. Fischer as Manager. — 


W. E. Wilson Elected Director of Acme 
Electric. William E. Wilson has been 
elected a member of the Board of Directors 
of the Acme Electric Company. 


NEW PRODUCTS ee 


Tachometer Generator. A new type E j 


be 


tachometer generator developed by the 
Weston Electrical Instrument Corporation, 
617 Frelinghuysen Avenue, Newark 9 
N. J., has been specifically designed for 
use where there may be explosive atmos- 
pheres. Available as either an a-c or d-c © 
generator, this type is listed for use in two 
classes of hazardous locations: class one, — 
(flammable and explosive mixtures of t 
vapors and gases with air); and class 
two, (combustible mineral and grain dusts tT 
in air). The a-c generator, model 758, 
is of the rotating magnet type and is © 
suitable for speeds up to 5,000 rpm. The i 
model 750 d-c generator has a. wound 3 
armature with commutator and brushes, 
and can be operated at speeds up to 2,000 
rpm in either direction. Its construction — 
makes the generator particularly suitable 
for use in oil refineries, chemical plants, 
and other locations where explosive 
atmospheres may occur. Additional in- 
formation is available from Weston. ] 


ha 


Magnetic Particle Clutch. Vickers Elec- 
tric Division has introduced a new com- 
mercial line of magnetic-particle clutches 
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and brakes. First developed for use by 
the Navy for more efficient operation of 
shipboard equipment such as radar, sonar, 
fire control, and other devices, Vickers 
Magneclutches and Magnebrakes are now 
in production for use by industry for control 
of torque, speed, and position. The 
Magneclutch is a controllable coupling 
which utilizes the linking action of a dry 
Magnetic mixture in a magnetic field 
between driving and driven parts to transmit 
torque. The magnetic mixture is com- 
posed of iron particles and flake graphite. 
The magnetic field is established by current 
flowing through a coil, and, by varying the 
current, the degree of clutching can be 
controlled. Operating advantages offered 
by the new clutch include small control 
power, no wear on torque transmitting 
surfaces, torque at zero slip, large maxi- 
mum to minimum torque ratio, and easy 
adaptation to remote control. Complete 
information is available from the Vickers 
Electric Division, Vickers, Inc., 1815 
Locust Street, St. Louis, Mo. 


“Fas-Test’? Connectors. Ilsco Copper 
Tube and Products, Inc., 5743 Marie- 
mont Avenue, Cincinnati 27, Ohio, has 
announced a new line of bronze con- 
nectors—‘‘Fas-Test,’’ for use in numerous 
wire connections.. There are only two 
parts—a bronze collar and screw or a 
bronze collar and nut. The connectors 
can be used with the screw in top which 
clamps one or two wires securely, or they 
can be mounted on the stud of the product 
and one or two wires can be clamped by 
means of brass nuts. Two sizes are avail- 
able. Catalog number 50 which fully 
describes their product, is available from 
the company. 


Oscilloscope for Television Applications. 
A new high-gain wide-band cathode-ray 
“oscilloscope designed especially for tele- 
vision circuit, laboratory, and industrial 
applications has been announced by the 
Radio Tube Division of Sylvania Electric 
Products, Inc., 1740 Broadway, New York 
19, N. Y. The new type 400 oscilloscope, 
which is supplied with a 7-inch type 
7JP7 green screen cathode ray tube, 
provides a vertical sensitivity of ten milli- 
volts per inch and a vertical response 
which is useful up to four megacycles. 
Other features of the oscilloscope are: 
4-position frequency-compensated at- 
tenuator for uniform frequency response 
at any gain setting; vernier gain control; 
internal 60-cycle sine wave’ sweep which 
eliminates one set of leads during tele- 
vision alignment operations; control for 
synchronizing to either positive or negative 
signal; linear sweeps ranging from 10 
cycles to 50 kc; 5-megohm 26 micro- 
microfarad input impedance for negligible 
circuit loading which is suitable for any 
crystal, and direct or special probe or with 
supplied lead. Further information on the 
instrument may be obtained from Sylvania 
Electric Products. 


Life-Long Solenoid. A short-stroke sole- 
noid for heavy duty industrial applications 


(Continued on page 20A) 
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The idea of the skyscraper is to best 
utilize extremely valuable land space. 
The large PECo battery chargers are 
built on the skyscraper principle—com- 


- pact and upright—to save you increas- 


ingly valuable floor space. Actually, they 
occupy less than 1 sq. ft. per KW... No 
special foundations are necessary .. . 
Capacities can be increased by opera- 
tion of two or more chargers in parallel 
.-- All control sections are readily acces- 
sible. Rectifier assemblies are on remoy- 
able trays to facilitate inspection or 
service ... Fully automatic; electronically 
or magnetically controlled and regulated; 
accurate floating voltagecon- 
trol within +1%... Complete 
range of sizes up to 10 KW 
...Write for all the facts. 


$5 ANTOINETTE STREET 


DETROIT 2, MICHIGAN 
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NEW- 


A valuable handbook 
on your 
D-C equipment 


Dusenbery’s 
D-C 

MOTOR 
MANUAL 


can help you select and 
maintain this equip- 
ment most efficiently 


@ This new book provides the information 
which years of experience have shown to be 
most useful to the man responsible for the 
installation and maintenance of modern d-c 
motors, generators, AND ELECTRONIC 
CONTROL EQUIPMENT. 


@ It explains in clear practical terms how each 
part and circuit works; what type of motor 
is most efficient and economical under certain 
Operating conditions; the latest methods of 
installing and servicing each part; how to 
reconnect motors; how to test for power and 
losses. 


@ It contains FULL INFORMATION ON 
BRUSHES—how to select replacements; how 
to be sure of proper installation. 


@ ALL THE LATEST CONTROL EQUIP- 
MENT is fully explained, with complete 
instruction in the operation and maintenance 
of the Rototrol, Amplidyne, Maxspeed, Mot- 
O-Trol, Thy-Mo-Trol systems; rectifier tubes, 
etc. 


@ More than 7 pages of MAINTENANCE 
CHARTS give the symptoms and causes of 
every conceivable motor trouble or possible 
failure in any part of the control circuits. 
Clear wiring diagrams are given for every 
circuit, 


This book can save you expensive 
and time-wasting breakdowns; can 
help you get full benefit from today’s 
wonder-working direct current 
equipment. 


SEE IT FREE 


on Gn Ge Oe Se ee ee ee ee ee es es es a 
The Macmillan Co., 60 Fifth Ave., New York 11 


Please send me a copy of DIRECT CUR- 
RENT MOTOR MANUAL @ $3.50. I 
will either remit in full or return the 
book within 10 days without further 


obligation. 
SUMETIOC Mic aecsaperstceo-balsndante BD pet seeses 
AGO LESS. as. ti Soe Ee Dex 
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has been announced by General Electric’s 
Control Divisions. The solenoid features ~ 
a cast-permafil coil assembly. The basic 
component of the new device is a paper- 
layer wound coil, a type that holds the 
voltage between turns to a minimum and 
greatly reduces the possibility of failure 
due to reduced voltage between layers of 
turns. Foot-long ‘“‘Flamenol’’ leads are 
anchored and taped, and the coil is placed 
in a mold into which liquid permafil is 
poured. After the permafil hardens, the 
coil assembly is baked. This results in a 
solid protective block around the coil that 
is moisture-, oil-, shock-, and vibration- 
resistant. The solenoid is particularly 
suitable for any heavy duty industrial 
applications requiring a push-type solenoid 
with a maximum stroke that does not ex- 
ceed 5.16 inch. It is available in four 
models, including strokes of !/g inch and 
5.16 inch and two stacking thicknesses. 
Additional information on the solenoid 
may be obtained from the General Electric 
Company, Apparatus News Bureau, 
Schenectady 5,.N. Y. : 


Magnetic Air Valve. A new design 
principle, applying rotary action in a 
magnet-operated air valve, has been 
developed by. the Square D Company. 
The rotary design permits high capacity 
and fast. operation in extremely small 
size. The valve is designed as a 4-way 
4-port %/s-inch valve, for control of a 
double-acting air cylinder. It can also 
be converted to 3-way or 2-way oper- 
ation, by plugging the proper ports. 
Pressures up to 100 pounds per square 
inch can be handled, and the valve will 
operate continuously at 300 cycles per 
minute, and at speeds up to 600 cycles per 
minute on intermittent duty. The magnet 
coil requirement is only 38 volt-amperes 
at 60 cycles and 215 volt-amperes inrush. 
For complete application data, write the 
Square D Company, 4041 North Richards 
Street, Milwaukee 12, Wis. 


Bolometer Bridge. The General Radio 
Company, 275 Massachusetts Avenue, 
Cambridge 39, Mass., has developed a 
bolometer bridge for the measurement of 
power at high frequencies. While at 
lower frequencies current or voltage is 
generally measured in preference to power, 


at ultrahigh frequencies most pract 
devices for the measurement of thes 


_ cient of resistance. 


en 4 ri oe 


« 


quantities are relatively large with res 
to a wavelength, and their accuracy 


however, can be made with good accur, 
at high frequencies by dissipating # 
power in a bolometer, which is a resistiy 
element with a large temperature coefhi- 
The magnitude of the — 
radio-frequency power can be determined © 
either from the measured change in re- — 
sistance or from the change in bias power 
required to bring the bolometer back to 
its original value with no radio-frequency 
power applied. The type 7657-A bolom 

eter bridge is a general-purpose power- 
measuring instrument designed for maxi- 
mum utility and adaptability in the ultra- 

high-frequency laboratory. It can toe 
used for all measurements of power in the 
medium power range over a frequency — 
range dependent on the characteristics of 
the bolometer element used. High power 

measurement can be made by using 


plers to transmit only a known fraction of 
the radio-frequency power to the bolom-— 
eter element. Typical measurements 
are the power output of oscillators, loss” 
measurements, the static characteristic of 
bolometers, and the calibration of vo 
meters. Pre 

The resistance range of the bolometer ig 
25 to 400 ohms, current range is zero 
100 milliamperes, and power supply is 
105 to 125 volts, 60 cycles. Any addi. 
tional information may be obtained from 
the General Radio Company, in their 
publication, ““The General Radio Experi- 
menter,’? Volume XXV, Number 2, Julyg 
1950. + ; 


ween we 


Noncombustible Plastic Insulation. E. 
I. Du Pont de Nemours and Company 
has announced a new plastic electrical — 
insulation which will not support com-_ 
bustion. Designated “Rulan” flame-re- 
tardant plastic, the new material will not 
burn after the flame has been remov 

and neither will it drip when molten. Its 
power factor, over a wide range of fre- 
quencies, is 0.002, its dielectric constant is 
2.7. It can be extruded on to wire 

high speeds, and can also be injection - 
molded. Further details on the ne 
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REDUCE ACCIDENTS . . INCREASE SAFETy 


Screwdrivers and | 
wrenches  factory- 
tested to 10,000 
volts 


Wire cutters. 
factory-tested to 
20,000 volts 
Tough, rugged, 
durable  instlation 
helps prevent acci- 
dents to men 


Prevents damage to 
YG vaiisbie equip- 
ment ‘ 
Maximum Cohard- E 
ite covering for # 
maximum protec- | 
tion 
See your supply house @ 
or write direct for de- | 
tails, prices, etc. g 


H. K. PORTER, Inc. 


Somerville 43, Mass. 
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MECHANICAL. **Teflon 
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_ 2.2 volts. 


MODULATION: From zero to 100%. 400 cycles, 1000 cycles 
and provision for external modulation. Built-in, low dis- 


STANDARD 


Individually Calibrated Scale 


OUTPUT: Continuously variable, .1 microvolt to 2.2 volts. 
OUTPUT IMPEDANCE: 5 ohms to .2 volt, rising to 15 ohms at 


tortion modulating amplifier. 
POWER SUPPLY: 117 volts, 50-60 cycles, AC. 
DIMENSIONS: 11” high, 20” long, 10%“ deep, overall. 
WEIGHT: Approximately 50 Ibs. 


Catalog on request 


ONLY ILSCO 


makes 


this famous 


“Built to stand abuse in the field” 


® Maximum security 
© Uniform strength 
© 100% conductivity 


© Low heat rise 


#14 to “Never a failure 


1,000,000 cm 


Copper Tube 


5743 Mariemont Ave. 
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& Products Inc. 


Cincinnati 27, Ohio 


SIGNAL GENERATOR 


SOLDERLESS LUGS 
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TRADE LITERATURE 


“Fundamentals of A-C Circuit Inter- 
ruption.” Allis-Chalmers Manufacturing 
Company has published a 56-page paper- 
bound book by Dr. Erwin Salzer, con- 
sulting engineer of that company, which 
presents the fundamentals of circuit closing 
and opening operations. In substance a 
reprint of a series of articles published in 
the Allis-Chalmers Electrical Review of 
1948 and 1949, the booklet emphasizes 
physics and physical reasoning. Copies 
of the booklet, ‘‘Fundamentals of A-G 
Circuit Interruption,’”? may be obtained 
from the Allis-Chalmers Manufacturing 
Company, Milwaukee 1, Wisconsin, for 
the price of $0.40. 


Lighting Fixture Hangers and Acces- 
sories. The Thompson Electric Com- 
pany, 1101-55 Power Avenue, Cleveland 
14, Ohio, has issued an 80-page catalogue, 
number 50, which contains general and 
detailed information on the standard line 
of Thompson disconnecting and lowering 
lighting fixture hangers, accessories, special 
devices, and parts. The catalogue is avail- 
able upon request to the Thompson Elec- 
tric Company. 


Sludge Contact Reactors. The clari- 
fication and softening of cold water by 
sludge contact reactors is presented in a 
pamphlet published by the Cochrane 
Corporation, 17th and Allegheny Avenue, 
Philadelphia 32, Pa. It is available upon 
request, 

pia 

Step Down and Voltage and Frequency 
Compensating Transformers. Catalogue 
SD 7179, issued by the Acme Electric Cor- 
poration, Cuba, N. Y., describes the ad- 
vantages of equipping any electrical ma- 
chine with its own step down transformer 
so that it can be plugged into a 230 volt 
source of a-c power supply and have its 
own source of 115 volt alternating current 
for small motor operation or individual 
fluorescent light. Voltage and frequency 
changing type transformers are also de- 
scribed. This catalogue may be obtained 
upon request to the company. 


Hydraulic Turbines and Auxiliaries. 
A new 56-page bulletin describing the 
design and construction of Francis pro- 
peller and impulse-type hydraulic turbines 
and such auxiliaries as pressure regulators, 
special high-head valves, butterfly valves 
and cabinet type governors for large units, 
has been released by Allis-Chalmers. 
Copies of the bulletin, ‘“Allis-Chalmers 
Hydraulic Turbines and Auxiliaries,” 
02B7301, are available upon request from 
the Allis-Chalmers Manufacturing Com= 
pany, 931 South 70th Street, Milwaukee. 
Wis. 
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ICKERS ff 
magneclutch ~ 


offers exclusive clutch features 


The FIRST commercially-usable power clutch 

that features a dry magnetic torque medium, the 
Vickers MAGNECLUTCH offers seven important 
advantages for control of torque ...speed... 


I 


Virtually no wear on torque transmitting surfaces 


Large maximum to minimum torque ratio 
; Torque at zero slip 

Fast response 

Small control power 

Electrically controlled 


Easily adaptable to new or existing equipment 


WRITE FOR 
COMPLETE FACTS 


WwW 


They’re ayailable in our 
new Bulletin 6000. Please 
make request on your 
| letterhead. 


particle type clutches. 


See our exhibit in Booth 417 at the 19th National Exposition of Power 
% and Mechanical Engineering—Grand Central Palace, New York, 
= Nov. 27-Dec. 2. ’ 


VICKERS ELECTRIC DIVISION 


VICBERS Me. 


*Trade-Mark of Vickers Inc. for magnetic- 1805 LOCUST STREET e ST. LOUIS 3, MISSOURI 
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DRY-TYPE ee 


Sub-Stations an 
Power Centers 


for indoor installations 


Fearmect YOUY Exact Requirements 


Not necessary to design or change your installation to fit a "standard" 


‘Any type of primary switch gear. 
Metering—primary or secondary, to suit. 
Secondary breakers, main, branch, or tie. 


Interlocked or automatic throw-over. Draw-out or stationary types. 
Magnetic trip, or thermal, or combination. 
All incorporated with high quality, liberally designed 


Sorgel Air-Cooled Transformers 


All factory wired, tested and assembled. Mounted on a substantial steel base. 
hipped as a single unit or in sections, accurately co-ordinated for eas 
assembly on the job. Sizes up to 2000 Kv-a. All voltages up to 15 KV. 


Send for new bulletin 450 


2000 Kv-a. 12,000 volt sub-station, with primary fused load interrupter switch, 
temperature indicator and alarm, and extra contacts that may be used 
to operate forced draft fans to increase capacity 25% 


a 


Sales Engineers in Principal Cities 


SORGEL ELECTRIC CO., 846 W. National Ave., Milwaukee 4, Wis. 


Pioneers in the development and manufacturing of Air-Cooled transformers 
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Powercons. Cornell-Dubilier’s new cata- 
logue number 470 on is line of Powercon 
vibrator converters is a combination 
catalog and reference guide on the use of 
vibrator converters. Copies are availab 
from the Cornell-Dubilier Electric Cor- 
poration, South Plainfield, N. J. | 


Protective and Paint Bonding Chemica 
Reference List. The American Chemical 
Paint Company, Ambler, Pa., has issued 
a “‘Quick Reference List of Metal Protec- 
tive and Paint Bonding Chemicals and 
Processes.’? The list consists of a metal 
and process index of chemicals which either 
protect metals directly or create a superior 
base and bond for decorative finishes, as 
well as a discussion of their applications 
to the most commonly used industrial 
metals. The reference list is available upon 
request to the company. 


* 


Air Circuit Breaker. Federal Electric 
Products Company, 50 Paris Str 

Newark 5, N. J., has published a 27-p 

bulletin on their new air circuit breaker, 
‘‘Stab-lok.’”” The new circuit breaker is 
of unit-pole construction and has thermal- 
magnetic overload. The bulletin, “Stab- 
lok Circuit Breaker System,’ may be 
obtained from the company. 


Fractional Horsepower Motors for Busi- 
ness Machines. A new bulletin on 
fractional horsepower motors for business 
machines has been announced as available 
from the General Electric Company, 
Schenectady 5, N. Y. 


The Role of Synchronous Motors. A 
recent issue of the magazine, the E-M 
Synchronizer, published by the Electric 
Machinery Manufacturing Company, 
Minneapolis 13, Minn., contains an article 
on the modern Parke-Davis antibiotic 
plant at Detroit, Mich., and discusses the 
role of synchronous motors in the produe- 
tion of chloromycetin. There is also 
an article showing recent synchronous 
motor installations in the gas industry. 
Copies of the bulletin, number 200-SY.N- 
37, are available from the company upon 
request. 


Fractional Horsepower Motor Catalogue. 
The Bodine Electric Company, 2254 West 
Ohio Street, Chicago 12, Ill, has an- 
nounced as available their new fractional 
horsepower motors catalogue. 7 
Welded Steel Tubing. The structural 
advantages, methods of fabricating, and 
characteristics of welded steel tubing are 
discussed in an illustrated booklet, ‘Arm 

Welded Steel Tubing,’’ which is available 
from the Armco Steel Corporation, Middle- 


town, Ohio, upon request. é 


> bl 

Insulators and Line Hardware. Victor 

Catalogue number 4 shows and describe 

in 32 pages all the low-voltage and high 

voltage insulators as well as the line h 

ware needed for any standard job. It 
(Continued on page 44A) 


you cole cash 


It's 9 to 1 your wiring is overloaded! 


IT’S TRUE! Actually 9 out of 10 plants, today, 
are suffering power loss and profit loss 
because of overloaded wiring. 

Chances are it is happening to you! 


PRODUCTION SLOW-DOWNS, lost man-hours, 
electrical leaks through over-heating are all 
results of poor plant wiring... wiring that 
just can’t deliver the power you pay for— 
day in, day out. 


POWER UP—And Be Prepared before a break- 
down occurs, before inadequate wiring blocks 


FREE! A complete guide 
to plant wiring and main- 
tenance. 


ANACONDA 


WIRE AND CABLE 


expansion. Call on your consulting, utility, 
plant power engineer, or electrical contractor 
for a complete check-up. | 


AND, MOST IMPORTANT OF ALL, write for 
your free copy of POWER UP—And Be Pre- 
pared! This complete guide to wiring w#? 
show you how simple alterations now will 
save you money every day—and huge repair 
bills later! 


Anaconda Wire & Cable Company, ° 
25 Broadway, New York 4, N. Y.. iss 


Y For 
o 4M 
POWER UP 
and be 
prepared ! 
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as a dielectric material 
from —100° to +500°F. 


Over that wide temperature span 
only Silastic, the Dow Corning Sili- 
cone Rubber, remains resilient and 
retains high resistance to weathering, 
moisture, oxidation and ozone. Add 
good dielectric properties to those 
advantages and you have the reasons 
why Silastic is an excellent insulating 
material for high temperature, high 
voltage cable and for use in equip- 
ment where mechanical breakdown 
limits the effectiveness of resinous 
insulating materials, 


Silastic* is extruded over wire and cable 
ranging in size from No. 22 to 500,000 
circular mils to provide insulation at 
temperatures from —80° to 400° F. 


Many engineers are familiar with Silastic as a remarkably heat stable and 
oil resistant rubberlike gasketing and sealing material for use between 
—100 to 500° F. Silastic as a dielectric for ignition and intercommuni- 
cation cable and for field and armature coils is, however, a relatively new 
development. That’s why Dow Corning has made available reprints of a 
recent article giving the most up-to-date information on the physical, 
chemical and dielectric properties of Silastic. To receive your copy, phone 
the nearest branch office or write for Reprint No. H-21. 


*T.M. REG, U.S. PAT. OFF, 


DOW CORNING CORPORATION 


MIDLAND, MICHIGAN 
Atlanta @ Chicago © Cleveland @ Dallas 
Los Angeles ® New York 
In Canada: Fiberglas Canada, Ltd., Toronto 
In Great Britain: Albright and Wilson, Ltd., London 
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contains new up-to-date engineering data, 


comparative insulator tables, and indexes. 
Copies of the catalogue are available upon 


-request from Victor Insulators, Inc., 100 


Maple Street, Victor, N. Y. 


Radiographic Materials. The Eastman 


Kodak Company has issued a 16-page 
catalogue of materials for industrial 


radiography, which describes films for use — 


with X-ray equipment of varying kilo- 
voltage and with specimens of varying 
thickness and density. The catalogue is 
available from the X-Ray Division, East- 
man Kodak Company, 343 State Street, 
Rochester 4, N. Y. 


Arc Welding Machine Catalogue. A new 
arc welding machine catalogue, the first te 
include all the machines in the Airco line, 
has been announced by Air Reduction 
Sales Company, a division of Air Reduction 
Company, Inc. The 36-page catalogue 


‘is divided in two parts: a-c arc welders; 


and d-c machines. Copies are available 
from the company at 60 East 42d Street, 
New York 17, N. Y. 


Battery Technology Handbook. The 
Gould Storage Battery Corporation, Tren- 
ton 7, N. J., has issued a revised second 


edition of the 40-page pocket-size handbook 


of technical instructions and engineering 
data on the care of motive-power storage 
batteries. The revised handbook contains 
a new 4-page section on the theory of the 
lead-acid battery. Copies can be obtained 
directly from the company. - 


Instrumentation “for Steam-Operated 
Generating Stations. Bulletin 90-7, ““Ad- 
vanced Instrumentation for Steam-Oper- 
ated Generating Stations,’’ has been an- 
nounced as available from the Minneapolis- 
Honeywell Regulator Company, Brown In- 
struments Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Selenium Rectifier D-C Welders. Book- 
let DB 260700 which describes the new 200-, 
300-, and 400-ampere 60-per cent duty 
cycle selenium rectifier d-c welders, is avail- 
able from Westinghouse Electric Corpora- 
tion, Box 2099, Pittsburgh 30, Pa. 


Alloy Reference Chart. The Cooper 
Alloy Foundry Company has announced 
publication of its 1950 reference chart, 
which contains a comprehensive analysis of 
stainless, corrosion- and heat-resistant alloy 
castings. The chart has been prepared 
by Norman S. Mott, Chief Chemist and 
Metallurgist of the company. Copies are 
available from the company at Hillside 5, 
N. J., on request. 


Steelback Electric Contacts. 
“‘Steelback’’ electric contacts, which con- 


sist of silver facing individually bonded to _ 


steel backing for projection welding to 
contact supports, are illustrated and de- 


scribed in circular 507 just published by — 


the Gibson Electric Company, 8348 
Frankstown Avenue, Pittsburgh 21, Pa. 
Copies are available upon request. 


Gibson ~ 
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y Acetate foes 


Enough ACSR to 
circle the globe 6 times? 


...a year’s output by Alcoa 


a year’s output of ACSR (Aluminum Cable 
Steel Reinforced) by Alcoa would actually 
encircle the earth more than six times at 
the 45th parallel! 


Interesting—but what does that mean to 


you? Just this: that after introducing alumi- 
num electrical conductors in 1898, and 


making them continuously since, we’ve 


It’s one of those hard-to-believe facts—but 


learned a lot about conductors and con- 
ductor problems. And have accumulated 
records of that experience. 


Result: the kind of shirt-sleeve, down- 
to-earth know-how about the design, 
manufacture and installation of conductors 
that helps us serve you better. 

ALUMINUM COMPANY OF AMERICA, 
1932K Gulf Building, Pittsburgh 19, Pa. 


TYPICAL: The combined light 
weight, strength and endurance 
of ACSR are dramatically illus- 
trated by this 5,010-foot span 
of Alcoa ACSR in the Smoky Moun- 
tains which has been in service 
for 32 years—and will be for 
many more. To make such spans 
practical, Alcoa engineers have 
done pioneer work in sag tension 
calculations, vibration and 
conductor fatigue problems. 


Ry 
A:C:S-R 
FIRST IN | 
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The Present 
with a 
Colorful Future 


® 
norma’, 
) 


MULTIKOLOR 
PENCIL 


Versatile 
Pencil of 


If Tomorrow 
Precision - % 


and jewelry-crafted. / 
Fully guaranteed for 


engineered / 


mechanical perfec- / 


tion. Appropriately 


boxed. From $4.50 } 
up—at all the 
better stores. / 

| —_ 


actual / 


ENGINEERS find Norma 
indispensable for speeding work 
on blueprints, plans, schedules, 
etc... . Yellow may be substi- 
tuted for any color on request. 
Write for new booklet giving 
many other uses for 4-color 
Norma Pencils; no obligation. 


leincax PENCIL CORP., NORMA BUILDING 
137 West 14th Street, New York 11, N. Y. 


Please send me, without charge, your new 
color booklet showing how Norma Pencils 
help to speed special daily tasks. 
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INDUSTRIAL NOTES .... 


Cousins Vice-President and Director 
of Bell Telephone. Sanford P. Cousins, 
formerly Vice-President and General Man- 
ager of the New England Telephone Com- 
pany, was elected Vice-President and Direc- 
tor of Bell Telephone Laboratories. In 
this capacity Mr. Cousins will be in charge 
of staff functions and will report to the 
president. 


New Chemistry Department Formed at 
Kodak. Consolidation of several chem- 
istry sections at the Kodak Research Lab- 
oratory of the Eastman Kodak Company 
was announced. Dr. William O’Kenyon 
has been placed in complete charge, 
with Dr. John Russell in charge of the 
physical chemistry section; Dr. Charles 
F. H. Allen in charge of the organic and 
polymer chemistry section; and Albert 
E. Ballard in charge of the analytical 
chemistry section. 


Myers New President of Westinghouse 
Supply. John F. Meyers has been elected 
President of the Westinghouse Electric 
Supply Company, to succeed David M. 
Salsbury, who has been transferred to the 
West Coast as Vice-President in charge of 
Texas and Pacific Coast operations of the 
company. 


G-E News. The following appointments 
have been announced by the General 
Electric Company: Dwight E. Moorhead 
has been made Manager of the San Jose 
(Calif.) Motor Divisions of General Elec- 
tric’s Small and Medium Motor Divisions; 
H. W. Gouldthorpe has been appointed 
Manager of the company’s Transportation 
Divisions in Schenectady, N, Y.; and 
William E. Herrmann has been named 
Manager of Sales of the Laboratory Prod- 
ucts Section of General Electric’s Special 
Products Division. 


Sylvania Appointments. Sylvania Elec- 
tric Products, Inc., has appointed George 


R. Sommers General Sales Manager of | 


the Sylvania Radio Tube and Television 
Picture Tube Divisions, and Justin J. 
McCarthy special sales representative to 


promote the sale of television picture tubes. 


in the New York—Philadelphia area. 


Scott Heads Du Mont’s Commercial 
Engineering Department. Robert G. 
Scott has been appointed head of the 
Commercial Engineering Department of 
the Allen B. Du Mont Laboratories, Inc. 


U. S. Steel Retirements; Elections. 
The United States Steel Corporation has 
announced the retirements of Arthur W. 
Worthington as President and Ralph E. 
Larry as Vice-President of the Pittsburgh 
Limestone Corporation (a subsidary of 
the corporation), and the election of 
Irving L. Clymer to succeed Mr. Worth- 
Ington. Mr. Clymer will continue as 
President of the Michigan Limestone and 
Chemical Company and the Bradley 
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Transportation Company, also United 
States Steel subsidiaries, - 


Pennsylvania ‘Transformer Appoints 
Sales Representative. The Pennsylvan 
Tranformer Company, Canonsburg, P 
has appointed the Philips Export Corpor. 
tion, 100 East 42d Street, New York, 


N. Y., as their export sales representative. 


NEW PRODUCTS e 


Television Calibrator. The RCA Victor 

Division of the Radio Corporation of 

America has introduced a new television — 
calibrator, WR-39B, a new test instrument _ 
which provides the facilities of six important ? 
instruments: (1) a crystal-calibrated tele- 

vision marker generator with dual markers — 
for all television frequencies; (2) a bara 
pattern generator for making linearity 4 
adjustments; (3) a miniature rebroadcast ~ 
transmitter for checking all 12 television 

channels; (4) a heterodyne frequency 

meter including amplifier and speaker; 

(5) a signal generator operating on funda- 

mentals in all television bands; and (6) 

a dual crystal standard with three crystals 
supplied. The WR-39B contains a crystal- 

calibrated variable frequency oscillator. 
two crystal-controlled oscillator stages with — 
three crystals, a wide-band modulator — 
stage for internally modulating the output — 
at audio and radio frequencies, and an 
audio amplifier with speaker. It is capable — 
of generating all of the standard television — 
and frequency modulation frequencies, and. 
for this reason, it is a basic instrument for 
such applications as peak alignment, mark-_ 
ing ‘‘scope’’. patterns, making linearity 
adjustments, setting local oscillator fre-_ 
quencies in front-ends, aligning traps, cali- 
brating other signal generators, adjusting 
the frequency of.small transmitters, align-_ 
ing frequency-modulation receivers, driv-— 
ing radio-frequency bridges, and measuring 

unknown frequencies. An internal ‘7 
megacycle crystal-controlled oscillator mod- 

ulates the output of the variable-frequency 
oscillator to put dual markers on television 
sweep-alignment response curves. This 
oscillator may be used by itself, audio- 3 
modulated or unmodulated, for the align-— 
ment of television sets employing inter-— 
carrier sound. Other signal generators 
can be calibrated with the WR-39B at 2.5- 

megacycle and 0.25-megacycle points over 
the range of 250 kc to 480 megacycles. 
Further information is available from RCA 

Victor Division, Radio Corporation off 
America, Camden, N. J. 


Demagnetizer. An improved design of 
demagnetizing coil recently announced by — 
the Special Products Division of the General _ 
Electric Company can demagnetize any 
unshielded magnetically soft material, in- 
cluding forms of iron and steel. This de- 
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Quinterra, type 6, being used as 
interlayer insulation in a Marcus 
distribution transformer. 


THIS LETTER from Marcus Trans- 
former Co., Inc. tells about both 
production and use advantages of 
Quinterra .. . the revolutionary new 
purified asbestos, high temperature 
electrical insulation. : 

—And it tells about actual savings 
and customer satisfaction in typical 
operations with this flexible, con- 
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Dear lr. Woodford:— 


New York 16 
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with Voltages During 
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We believe Jo 
hnge! 
Safety of electrical aeanville has made a vital 
Vices through its development reutdon ‘9 the 
of Quinterra, 
Very truly yours, 


MARCUS TRANSFORMER company 
3 


life and 


Inc, 


Alvin Marcug eee 
President 


. 


tinuous sheet insulation. Quinterra is 
being widely used for interlayer and 
wrapper insulation in transformers 
and coils. Its lasting dielectricstrength 
assures a greater safety factor and 
longer operating life. Quinterra with- 
stands higher temperatures than the 
hot-spot limit of 130C for Class B 
insulations. 


QUINTERRA 
cuts factory rejects 
reduces complaints 
improves production rate 
produces more uniform product 


cuts costs of 
operations 


<a e688 


Johns-Manville 
Box 290, New York 16, N. Y. 


Kindly send me a copy of 
Johns-Manville Quinterra Electrical Insulation EL-34A. 


ELECTRICAL INSULATIONS |“ 
Company. Position 
| Address 
EE-10 
214A 
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Where ordinary rubber gaskets fail... 


COMPRESSIO 


~ 


Temperature, °F 


SUASTICS#tiM stays Elastic! 


AT EXTREME TEMPERATURES, 
Silastic has greater resistance to 
compression set—or to permanent 
deformation due to heat and pres- 
sure—than any other rubberlike 
material. Its elastic memory ex- 
ceeds that of both the best low 
temperature and the best high 
temperature organic rubbers avail- 

able. Silastic 7-170 forms a more Eas 
resilient seal at —50°F. than a aes aUR SRC TICORES he aaa 
special low temperature organic 
rubber does at —7°F. At 450°F., systems, Silastic gaskets stay elastic under 
Silastic has more resistance to per- —_ operating temperatures ranging from —70° to 
manent compression set than the  400°F. Similarly, Silastic gaskets and O-rings 


most heat-stable organic rubbers withstand hot oils in the range of 450°F. in 
have at 330°F automotive, aircraft and diesel-electric engines. 


In aircraft cabin heating and pressurizing 


COMBINE that kind of elastic memory with excellent resistance to aging, to 
oxidation and to attack by a variety of chemicals and hot oils, and you have 
Silastic—the most stable of all resilient gasketing materials. That's why design 
engineers and maintenance men specify Silastic, the Dow Corning Silicone rubber 
that pays for itself many times over in reduced maintenance costs and improved 
performance. ; 


G SW ASHE FACES. | 
i 


SEND TODAY! 


i For your copy of Silastic Facts 
i No. 10 containing new 
{ data on the properties, 

; performances and ap- 
\ 


plications for all 
et © —— Silastic stocks. 


STAYS ELASTIC 


*T. M. REG. U. S. PAT. OFF. 
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Please send me Silastic Facts No, 10 
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ATLANTA ¢« CHICAGO e CLEVELAND e DALLAS e LOS ANGELES e NEW YORK 
in CANADA: Fiberglas Canada Ltd., Toronto ¢ in ENGLAND: Albright and Wilson Ltd., London 


semblies that are used in electric instruments J 


small arms, and any machined parts t 
have become magnetized. The demagne- 
tizer is also useful in equalizing and stabiliz-— 
ing magnetic flux in permanent-magnet as- 


is rated at 115 volts, 60 cycles. The coil 
axis. being horizontal, mass production 
demagnetizing may be accomplished by 


axis. Further information may be ob- 
tained from the General Electric Company, 
Schenectady 5, N. Y. 5 


*% 


Inhibited Transformer Oil. The Line 
Material Company, Milwaukee 1, Wis. 
has introduced a new inhibited transformer 
oil known as ORTO (oxidation-resistant 
transformer oil) that resists oxidation, 
acidification, and sludging. Using an 
inhibitor to prevent oxidation of oil mole- 
cules has resulted in increased life | 
pectancy of oil in a transformer; longer 4 
insulating and mechanical life for other 
insulation in the transformer; prevention 
of the formation of acids; and the preven- 
tion of sludge and water from oil deteriora- 
tion. Any additional information on 
ORTO may be obtained from the Line 
Material Company. 


= 


Induction Pinion Heater. Originally de- 
veloped for theit.own use, the National 
Electric Coil Company has announced 
commercial manufacture of their induction 
pinion heater which generates heat within 
the pinion; thus the surface of the pinion 
is not overheated and the pinion can be 
removed with light pressure, applied by 
means of either wedges or a pinion puller. 
The pinion heater can be operated by one 
man, and can be used wherever there is a 
source of 440-volt 300-ampere 60-cycle 
power. Further details are available from — 
the National Electric Coil Company, 
Columbus 16, Ohio. 7 


, 


New Type Megger Ground Tester. The 
James G. Biddle Company, 1316 Arch 
Street, Philadelphia 7, Pa., has announced — 
a new CVM type of megger ground tester 
which will ascertain whether the resistance — 
to earth of manmade grounds is sufficiently 
low to ensure their correct operation and 
to minimize dangers due to lightning. The 
set has its own generator for supplying” 
test current and is therefore always ready — 
for service without dependence on battery 
or other supply. The terminal arrange-— 
ment employs two switches which short- — 
circuit the terminals for 2-, 3-, and 4-ter-_ 
minal tests. Two ranges are available, 
zero to 40 and zero to 200 ohms; zero to 
100 and zero to 500 ohms. Complete 
information on this tester is contained in~ 
bulletin 25-80-7, which is available on writ- 
ten request from the James G. Biddle Com- 
pany. 


(Continued on page 36A) 
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BLUE SHEETS 


on Allegheny Ludlum 
Electrical Materials 
Complete, laboratory- 


certified data on each 
grade—its physical prop- 


erties, electrical charac- 
teristics, uses, methods 
of handling, etc. Write 
for Blue Sheets on the 
materials in which you 
are interested. 


ADDRESS DEPT. E-10 
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Mumetal shields will give instant relief 
to interference caused by extraneous 
magnetic fields. This material can cure 
many troubles—solve many a problem 
for you. Always consider it where high 
permeability is required at low flux 
densities, such as in input and micro- 
phone transformers, hearing aid dia- 
phragms, instruments, wire and tape 
recorders, etc. For properly heat treat- 
ing Mumetal, we can also offer com- 
mercial hydrogen annealing facilities. 

A fund of technical data on shields 
and other applications for Allegheny 
Mumetal is available—let us help with 
your problems. 


STEEL CORPORATION 
Pittsburgh, Pa. 


ELECTRICAL 
INDUSTRY 


wap 2570 
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ene SMALLER S 
TYPE ACO 
All purpose, indoor or outdoor, 
dry type distribution trans- 
formers. Sizes to 100 KVA, 


voltages to 5000 V. 


FURNACE TRANSFORMER 
3 PHASE, 3/2 PHASE, 1 PHASE 


Uses—Forging, heat treating, melt- 
ing, resistance heating, welding, 
etc, 


ONE OF THE WORLD'S LARGEST 
MANUFACTURERS OF DRY TYPE 
“TRANSFORMERS EXCLUSIVELY 


1 to 2,000 KVA up to. 
15,000 Volts to meet 
Individual Requirements 
© DISTRIBUTION 
GENERAL PURPOSE 
UNIT SUBSTATION 
PHASE CHANGING 
ELECTRIC FURNACE 
RECTIFIER 
WELDING 
MOTOR STARTING 
SPECIAL 


MTC 


MARCUS TRANSFORMERS 
CONFORM TO THE STANDARDS 
OF N.E.M.A. AND A.J.E.E. 


Representatives in Principal Cities 


MARCUS 
DRY TYPE TRANSFORMERS 
exclusivel 


General purpose transformers, 


600 volts and below; 1-15 
KVA inclusive, single or three 
phase completely self con- 
tained, 


TYPE F - UNIT SUBSTATION 


1000 KVA, 4160Y 60 Cycles, 3 © 
—480 delta; Fused, load inter- 
trupter on H.V. (left). Drawout 
type breakers and metering equip- 
ment on LV. 


produces a complete line of 


quality transformers to 2000 KVA. A 
newly expanded plant with the most 
modern equipment, plus a background 
of years of dry type specialization, 
assures maximum transformer value. 
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MARCUS 


TRANSFORMER CO. 


INC. 


32 MONTGOMERY STREET 
HILLSIDE 5, NEW JERSEY 


PIONEERS IN THE FIELD OF AIR-COOLED TRANSFORMERS 
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Low-Frequency Q Indicator. The Freed 
Transformer Company has introduced a 
new low-frequency Q indicator, number 

7030, which is designed specifically to 

measure the Q factor of coils, but can also 

be used to measure inductance, distributed 
capacity, impedances, and dielectric losses. 

The study of the magnetic properties of 

iron, including the stability of iron cores in 

function of applied voltage, and iron losses 

as a function of the frequency, are addi- 

tional uses of the indicator. An essential 

feature of the instrument is that the O 

factor can be read directly without com- 

putations. Q range is from 0.5 to 500. 

Frequency range is from 20 cycles to 50 ke. 

For further information, write to the 

Freed Transformer Company,  Inc., 

1718-36 Weirfield Street, Brooklyn 27, 

N.Y. 


Impulse-Test Cathode-Ray Oscillograph. 
The Instrument Division, Allen B. Du 
Mont Laboratories, Inc., Clifton, N. J., 
has announced development of the new 
Du Mont type-293 cathode-ray oscillo- 
graph which employs a sealed-off high- 
vacuum cathode-ray tube, and may be 
used with any standard impulse-test instal- 
lation. . It can be triggered by a sample of 
the test impulse, and also contains a pulse 
generator to trigger external circuits. An 
accurate quantitative measurement of the 
test impulse is provided by metered voltage 
calibration of deflection along the Y axis 


of the instrument, and time calibration, — 


accurate within 0.1 per cent, along the 
X axis. Permanent records are obtained 
with a specially designed 35-millimeter 
oscillograph record camera employing an 
£/1.5 coated lens. A data card and color- 
selective mirror are arranged to permit 
simultaneous viewing and recording of 
waveforms appearing on the screen of the 
cathode-ray tube. . Driven, logarithmic 
sweeps.may be initiated from an external 
signal, internal signal, by manual push- 
button, or from any point in the cycle of 
the 60-cycle line voltage. Sweep duration 
is adjustable in steps from 0.5 to 1,000 
microseconds. Delay of the sweep with 
respect to the trigger output of the instru- 
ment is continuously variable from 0.5 to 
15 microseconds, permitting detailed dis- 
play of any portion of the impulse wave- 
form. Any further details may be ob- 
tained from the Allen B. Du Mont Labora- 


tories. 


Lightweight Rotary Actuator, Lear, Inc., 


has introduced a small rotary actuator 
which weighs less than one pound, yet 
develops a maximum peak output of 110 
inch-pounds with a normal rated peak 
load of 60 inch pounds. ‘The actuator 
produces a nonlinear torque output which 
approximates typical aircraft duct damper 
and fuel valve load curves, resulting in high 
breakaway and. tight-closing torques re- 
quired for valve operation. Designated as 
the model 767A, the actuator requires less 
than one second for its full 90-degree shaft 
rotation under the normal rated peak load 
condition of 60 inch-pounds. Actuator 


(Continued on page 46A) 
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JAMES G. BIDDLE CO., 1316 ARCH S1T.; PHILADELPHIA 


REDUCE ELECTRICAL BREAKDOWNS IN YOUR PLANT. 


with a Regular Schedule of INSULATION RESISTANCE TESTS 


Irwin Robbins, Electrical Engineer, 
Factory Mutual Engineering Division 
writes in a recent article in PLANT 


ENGINEERING: 


“The greatest single cause of elec- 
trical machinery breakdown is the 
failure of the insulation. Despite im- 
provements in insulating materials in 
the past decade, insulation is still the 
most vulnerable part of an electrical 


machine...”? 


Typical damage to ee windings 

It naturally follows that a regu- 
lar program of checking the condi- 
tion of electrical insulation pays off. 
Much can be saved in prevention 
of motor damage, wasted current, 
loss of production and danger to life 


and property. 


For more than a half century the 
Megger Insulation Tester has been 
a highly effective means for testing 
any type of electrical equipment, 
whether a-c or d-c and irrespective of 
the voltage rating of the apparatus. 
It is direct-reading, easy to use and 
has its own source of power. It per- 
mits non-destructive tests which dis- 
close incipient insulation weaknesses, 
rather than merely signaling in- 
sulation breakdown that has 
already occurred. 


OcToBER 1950 


A series of periodic tests recorded 
on charts supplied with each Megger 
set assures you that the insulation of 
a machine is holding up... or warns 
you that insulation is becoming weaker 
and conditions should be investigated. 


Most Trouble is Caused by 
Dirt or Moisture 


It is more economical to blow out 
dust, dry out coil windings, eliminate 
oil conditions, or even replace a 
motor or generator on off-hours at 
the convenience of the production and 
maintenance departments—than to 
have trouble strike unexpectedly and 
production interrupted indefinitely. 


The story of electrical insulation 
resistance is told in our easy-to-read 
booklet entitled ‘For Practical Men’’. 
Most maintenance men, who have 
seen it, have requested extra copies 
for their associates. Yours will be 
mailed free of charge by simply 
requesting Bulletin 21P8-EE. 


OUR APPLICATIONS 
ENGINEER COMPLETES 
7000 MILE TRIP with 
NEW IMPULSE CABLE _ 

FAULT LOCATOR 


Photo shows |{ amen: 
installation of = 
the instru 
ment in th 
company car 
during a coast- & 
to-coast dem- 
onstration 
tour. 


Designed® 

rimarily fo 
loeary fault BE 
on lead-covered cable installed in ducts, 
this new equipment has application also 
on aerial and Boeied cable. It has proved 
highly effective in utility and industrial 
service. If you have cable fault locating 
problems, write for a copy of Bulle- 
tin 65-EKE. 
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@ ELECTRICAL TESTING INSTRUMENTS 
@SPEED MEASURING INSTRUMENTS 
@ LABORATORY & SCIENTIFIC EQUIPMENT 


NUMBER 4 OF A SERIES 


‘ 2 te 
ELECTRICAL MAINTENANCE 


APPLICATIONS of LOW 
RESISTANCE MEASUREMENTS 


Cable and Conductor Joints 
Oil Circuit Breaker Assemblies 


Rotating Equipment 
Transformers and Coils 


High-resistance conductor joints and 
connections cause objectionable voltage 
drops, loss of power, and damage from 
localized heating. Quick and reliable 
measurements of joint and contact re- 
sistance during manufacture, at instal- 
lation, and periodically while in service 
are therefore good insurance against mal- 
functioning and trouble. 


Several of the joints and contacts 
throughout oil circuit breakers, from 
top-terminal of the bushings to associ- 
ated bushings, may give serious trouble 
when unnecessary heating develops. 


In rotating equipment shorted com- 
mutator bars, shorts in armature coils, 
and shorts between equalizers or cross 
connections, and also high resistance 
joints between commutator bars and 
risers, spell inefficient performance 
and trouble. 


Proper winding resistances of trans- 
formers and of coils are as important 
as in any other electric circuit, with 
one exception — such windings have 
inductive characteristics, as well as 
d-c resistance. 


Anyone familiar with these types of 
equipment can measure ohmic resis- 
tances down to a few millionths of an 
ohm with the DUCTER® Low Resistance 
Ohmmeter. Valuable information on this 
subject is contained in our Bulletin 
24-25-EE. 


We are constantly publishing new technical 
bulletins on Biddle Instruments, A complete 
list of our latest bulletins will be mailed you 
on request, so that you may check it to 
bring your files up to date. 
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PEC-626 


‘LOATING TYPE 
BATTERY cHARES 


R 60-CELL 


ae gives you extreme accuracy and exceptional reliability 


EXPRESSLY DESIGNED for unattended 
station service, the PEC-626 Automatic 
Battery Charger provides the extreme 
accuracy of electronic control plus the 
exceptional reliability demanded by 
this type of service. 
In designing this unit, Power Equip- 
“ment Company engineers started with 
the rugged components of a manual 
charger, added a magnetic system for 
coarse voltage control, then a simpli- 
fied electronic system for fine voltage 
control, 


The PECO Charger accurately floats 
the control battery of any power sta- 
tion or substation which has a reason- 
ably constant switchboard load; fur- 


POWER EQUIPME 


attery Chargers xx Battery Eliminators ee | 
D.C. Power Supply Units x Regulated Exciters 
* and other ‘Special Communications Equipment 


tn vi 
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nishes power to the load and maintains 
a fully charged battery, ready for any 
emergency. DC output is sufficient to 
continuously charge 60 lead acid bat- 
tery. cells at 129 volts, at a maximum 
rate of 12 amperes, and is automati- 
cally regulated to within +0.5 per- 
cent, for AC line voltage fluctuations 
of +5 volts on a 230 volt circuit. 


Exceptional reliability is shown by 
the fact that if the electronic control 
section should be disconnected, the 
magnetic control section will still auto- 
matically hold the output voltage to 
within 3 percent of nominal voltage. 


Write for speci- 
fications now! 


ETROIT 2, MICHIGAN 
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so that valve closing begins at high sp 


_ in a half-cycle or less, 


(Continued from page 36A) 
shag speed varies over the operation cycl 


but actual shutoff takes place at low spe 
thus eliminating ram effects in the hy: 
lic system. An adjustable slip clutch 
compensates for possible hydraulic su 
loads. The integral 26-volt d-c split 
wound motor is rated for an intermit 
duty cycle of one second on, five seconds off. ; 
Besides applications for fuel, oil, and pneu- 
matic valves, it is applicable to heat con- 
trol, hydraulic valves, locking controls, 
dampers, and replacement of mechanical — 
and solenoid-operated _ devices especially 
where the load varies with the stroke. Fur- 
ther details are available from Lear, Inc., 
Electro-mechanical Division, 110. Ionia 
Avenue, N. W., Grand Rapids 2, Wile 


New Type Dead-End Clamp. The 
Porcelain Insulator Corporation of Lima, 
N. Y., has introduced a new L 4038 clamp 
incorporating a major design change. This — 
major design change is in the J-bolt keeper 
which has been made extra long, thereby 
doubling the gripping area on the conduc- 
tor. This keeper now contacts all wires in 
the long-lay conductors and holds them 
securely without damage to conductor — 
wires. Cable seat accommodates conductors 
from 0.16-inch to 0.375 inch in diameter 
inclusive. The ultimate strength of the 
clamp is 8,000 pounds. Additional infor- 
mation may be obtained upon request to 
the company. 


16m ea re pepe 


The Megatron. A new dual-voltage — 
electronic insulation tester designed specifi- 
cally for power company use, the Megatron, 
developed by J. W. Dice. and Company, 
1 Engle Street, Englewood, N. J., requires 
no cracking, no batteries, no rotating or 1 

’ 


a 


vibrating parts. The two test voltages 
are 500 and 1,000 volts direct current 
color coded; megohm ranges are 0.1—5, © 
3-200, and 30-2,000 megohms, color 
coded; voltage characteristics at 500 and j 
1,000 volts are 900 to 1,050 volts on é 
3-200 megohm and 30-2,000 megohm 
ranges, with 1,000 volts at 10 and 100 
megohms respectively. Operating with 
one per cent full scale accuracy, the instru- 
ment uses a guard circuit for eliminating — 
error due to surface leakage. Power sup- 
ply is 110-130 volts 50-60 cycles. The 
company’s data sheet 3,007 contains full 
details on the instrument and is obtainable 
upon request to the company. 


% 
9 
3 
] 
Life-Linestarter. A new a-c magnetic 
nonreversing De-ion  life-linestarter is 
available from the Westinghouse Electric — 
Corporation. It has been designed for — 
either across-the-line starting of squirrel- 
cage induction motors, or as a primat 
switch for wound-rotor induction motors. — 
The starter has only one moving part, a 
“see-saw” lever balanced on a knife-edge 
bearing or center fulcrum, It cannot jam 
or stick, and a positive-action kick-out 
spring insures uniform operation. The — 
De-ion operating principle extinguishes arcs 
Available in Na- 
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No. 26 


PINTYPE INSULATOR 


1. STEPPED-UP VOLTAGES—Vicrtor’s No. 26 is designed 
to be used in raising insulation levels on present lines, 
or providing for future voltage increases on proposed low 
voltage lines. It has a rated 60 cycle dry flashover of 
95 KV. and a wet flashover of 60 KV., with a nominal 
voltage rating of 27 KV. So, by installing these new pin- 

(tes types now, you can keep replacement costs at a minimum 

when line-loads are increased. 


4) 
oer. 


Se 


NO. 26 DATA 


Nominal voltage rating........seece cece eee 27 KV. ee CONTAMINATED A REAS—VictTor’s No. 26 insulator 
0 le dry flash Brae he craters, eh stutelintentngcress 95 KV. ° ° 5 = 

ie ated LL se aa Ra, ea aa 60 KV. lowers maintenance costs in fog and contaminated regions 

Negative impulse flashover...... Se Oe 190 KV. . . A j 

perweipeamadiover. (0. ook. 150 KV. because of its self-cleaning design and long leakage distance. 

7 Ht 5, . is 

eed Sees, ences vane ee nt Av eeiened bk This means fewer replacements as well as less maintenance. 

Leakage distance... see ne cceds ccweviemevone 15 In. 

Panic GV Ol MiGl Site oil) s\eVsie/altsale cree ne%e, ol eveiet piaceie ee: 1% In. f : 

peer en eae rca For more information consult our new Condensed Catalog 
‘antilever strength......seseseecercceves i ; : : 

RNI (plain), .y-sseeeeeee ee seneeeeeeens 8,000 MV. (Bulletin No. 4), write us, or call your Vicror representative! 

RNI (radio-freed). 2.1... cseeseseresens 100 MV. 

TOOOIKC af applied. acn/u-jandsore esos ness 15 KV. 


Look for this 
trade mark of 


INSULATORS Inc. ; x ; Ss . enduring service 


VICTOR, NEW YORK 
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~ CONNECTOR 
PERFORMANCE 


i is the ANDERSON BRASS 

MERCUROUS -NITRATE TEST. = it 
essentially is a “GO, NO-GO” test and INSURES AGAINST 
copper base EYEBOLT CONNECTOR FAILURES DUE TO: 

SEASONAL CRACKING 
STRESS CORROSION 
particularly WHEN FAULT CURRENT SURGES AND STRESSES 
OCCUR. AS A RESULT, more and more electric UTILITIES AND 
equipment MANUFACTURERS ARE WRITING MERCUROUS NITRATE 
PERFORMANCE IN THEIR SPECIFICATIONS. 
We are happy to support this movement and will do our part by 
furnishing copies of Anderson Brass Mercurous Nitrate Specifica- 
tions to all interested engineers upon request. 
ANDERSON BRASS EYEBOLT CONNECTORS WITHSTAND 15 minute 
IMMERSION IN MERCUROUS NITRATE, while assembled and 
stressed to service conditions. This is more severe than ASTM- 
B154-45*. So far as we have been able to ascertain, IT IS THE 
MOST RIGID EYEBOLT CONNECTOR TEST KNOWN. 
BE SURE OF PERFORMANCE 
SPECIFY CONNECTORS THAT PASS. ALL TESTS 


*Mercurous Nitrate Test with Identical Immersion Time 
but with Unstressed components. 


ONLY WORDS _IN 


POST OFFICE DRAWER 2151 
Birmincnham,!,ALasama 
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~ (Continued from page 46A) 
tional Electrical Manufacturer’s Association 
sizes zero through four, the life-linestarter 
can be applied to all integral-horsepower 
motors up to 100 horsepower. It is sup- 
plied in standard alternating voltage ratings 
from 110 to 600 volts at frequencies of 60, 
50, and 25 cycles, for 3-phase, 2-phase 4-— 
wire, and single-phase operation. THe 
Westinghouse Electric Corporation, P. O. 
Box 2099, Pittsburgh 30, Pa., will supply 
any further information. 


TRADE LITERATURE 


Load-Frequency Control. S. B. More- ~ 
house of the Philadelphia field engineering 
staff of the Leeds and Northrup Com-— 
pany has written a 23-page booklet, — 
“Impulse Type Load-Frequency Control 

for Interconnected Power Systems’? which — 
is available upon request at 4901 Stenton 
Avenue, Philadelphia 44, Pa. 


Radiation Laboratories Handbook. A 
new handbook, “Equipment for Radiation 
Laboratories,’ contains condensed facts, 
pictures, prices, and information for over 
thirty ‘special-purpose equipments manu- 
factured by the General Electric Electronic’s _ 
Department and the generalengineering and _ 
consulting laboratory. ‘The handbook may — 
be obtained from. the Apparatus News — 
Bureau, General Electric Company, Sche- — 
nectady 5, N. Y. ’ 


‘Document Reproduction Methods. AS 


new booklet, “Modern Drawing and — 
Document Reproduction,”’ describes photo- _ 
graphic materials and methods for im- 
proving legibility of reproduced engineering 
drawings and business documents. It is — 
available from the Industrial Photographic — 
Division, Eastman Kodak Company, — 
Rochester 4, N. Y. a 


RCA Receiving Tubes. The Radio Cor- — 
poration of America’s Tube Department 
has brought out a revised edition of RCA 
Receiving Tubes booklet (Form 1275-2) 
which covers more than 450 RCA re-— 
ceiving and picture tubes. It provid 
quick and easy reference to the character-— 
istics and socket connections for each tube 
type, as well as a classification chart which 
groups the tubes according to their family 
class, their functions, and their filament 
or heater voltages. The booklet may be — 
obtained by sending $0.10 to Commercial — 
Engineering, Radio Corporation of — 
America Tube Department, Harrison, 
IN. Ie : 


“Catalogue 500.” The United Tran 
former Company, 150 WVarick St 
New York, 13, N. Y., has announced 
available their “Catalogue 500,’ which 
contains a listing of the company’s line 
of transformers, reactors, and filters. 


(Continued on page 52A) 
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*ASCHANICAL Teflon” tetrafluoroethylene resin is eX- 
i iderable abuse in assembly 


easy to ha 


shapes—is a 
cellent ovet wide 


frequencies. Its power factor 
ctrum measured to 
e high. “Teflon” 
under an 


car Its electrical properties are ex 


mperatures a0 d 
0.05% over the entire spe 
_ Short-time dielectric strengths ar 
d arc-resistance, and doesn’t carbonize 
r0 water-absorption. 


date 


has goo 
arc discharge- It has ze 


“Teflon” is © 


apable of continuous service at 


92°F.) without deterioration, exceeding the re- 
Hi materials. In laboratory tests, 
0°C. for one month show only 21% 

Hee a 


>” on a motor wo 


an insulation of 
is started In arctic temperatures. 


» has the highest degree of chemical 
c. There is no known solvent for it. 
tors and generators operating under 
Teflon” is unaffected 


Samples exposed in 
letely unchanged. 


CHEMICAL. Teflon 
inertness of any plasti 
Thus, it is ideal for mo 
corrosive atmospheric conditions. 
by outdoor weathering, 46 well. 


Florida for over five years are comp 
E. I. du Pont de Nemours & Co. (Inc-), Polychemicals Depart- 

Ss - 350 Fifth Avenue, New York 1, N. t+3 rs 
3, IIl.; 845 E. 60th St., Los Angeles, Calif. 


Better Things for Better Living 


wae through Chemistry 


et 


Write today for 
rite today for free booklet on “Teflon” T 
. | . ‘ope. 
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= = === = => = = = = velopments in hydraulic drives, has t be 
SBS Ela S Sf = = = = = announced by the Twin Disc Clutch Co: 
S= S 2 2 ———F — pany, Racine, Wis. The history of hy- 


draulic power transmission, and an illus- 
trated series of applications of the newest — 
types is included. The magazine is 


iw ’ 
t i ny e rt @ rs available upon request to the company. 
Vi fa 0 CO Copper Springs Catalogue. The Instru- ‘3 
ment Specialties Company, Inc., 
a | 

« Micio-Piocaicl Springs of Beryllium. ; 

< Copper,’’ which may be obtained from 
the company at Department EEN, Little — 

Falls, N. J. 


Oil Circuit Breakers. Class 50 and 10 i. 


@ ‘a 
Insure TCR-5 oi circuit breakers for ind | 
continuous service are described in a 30-page publi 

tion, catalogue 3360, just released by 


power for RoHer-Smith, Bethlehem, Pa. It is 
D : tainable upon request. ‘ 
communications 


The Croning Process. ‘The ite 

Division, Union Carbide and Carbon _ 
Corporation, has prepared a booklet, 
’ “Bakelite Phenolic Resins for the ‘Croning’ 
Process,’’ which demonstrates the new 
Croning process for producing molds a. 
cores. Copies of the booklet may 

obtained from the Bakelite Division, Union ~ 
Carbide and Carbon Corporation, 300 
Madison Avenue, er York 17, N. Y.. a 


Automatic Transfer Oil Switcheas G 
and W Electric Specialty Company, 7780 
Dante Avenue, Chicago 19, IIl., has issued 
a new bulletin, DA350, which describes 
the complete line of automatic transfer 
mechanisms manufactured by this com- 


OTHER GREAT C-D FEATURES pany. The bulletin, with inserts, is 


available from the G and W Electric 
BUILT INTO THESE RELIABLE VIBRATOR CONVERTERS: Spodialty Company ata 
SINE WAVE OuTPuT! Delivers regulated 60-cycle a-c power. : ‘ : g 
DOUBLED VIBRATOR LIFE! Exclusive C-D circuit results in greatly Industrial Cane Dextre Indu ; 
increased life of each vibrator and eliminates control devices for temperature, flow, 
damage from overloads. ' pressure, liquid level, and humidity are 
LOWER POWER REQUIREMENTS! Unusually high conversion efficiency described in catalogue 8303, published 
reduces input power required. by the Minneapolis-Honeywell Regulator 
LOWER MAINTENANCE cost! Replace vibrator in 2 minutes with converter Company, Industrial Division, Wayne and 
in rack. Practically no other maintenance, even after Windrim Avenues, Philadelphia 44, Pa., ; 
years of service. which is available upon request. 
: 
Stock models available for 32, 64, and 120 volt d-c inputs to supply 60-cycle, Connector Wiring Guide. A 56-page — 
115 volt a-c at 375 volt-amperes. Also for 12 volt d-c input to 115 volts a-c pocket-size connector wiring guide, P-52, 
at 175 or 300 va. Other standard models shown in Catalog No. 410. which contains tables and charts of code 
and wiring data, electrical connector re- 
Cornell-Dubilier will design Sine-Wave Voltage-Regulated Converters for quirements for most wire and cable sizes, 
special applications. Allowable power input range from 100 watts, 6 volts to and information on connector installation 
1500 watts, 110 volts d-c. Engineering inquiries are invited. CORNELL-DUBILIER is available from) (he Brady ee 
ELECTRIC CORPORATION, Indianapolis Division, 2900 Columbia Avenue, In- Company, 107 Bruckner Boulevard; New 


: j k 7G 
dianapolis 5, Ind. Other plants in South Plainfield, New Jersey; New Bedford, York 54, N. Y : 


Brookline and W orcester, Mass.; Providence, R. 1. and subsidiary, The Radiart ; 
Corp., Cleveland, Ohio. ; Low-Cost Metering. ‘‘What It Takes for 
Long-Time, Low-Cost Metering,”’ is a 28- : 
page booklet issued by Westinghouse, 
which discusses meter assembly, unit con- 
struction, sustained meter accuracy, main- 
tenance, calibration, and effective resist- — 


CORNELL -DUBILIER | 
ance against corrosion. A description of j 
: 


Vi B RAT Oo R C Oo N VE RT E RS the various types of meters and their major 


Bi Y. Ee i.e b.o Teens T fields of application is included. Copies — 
of the booklet, B-4665, may be obtained 
from the Westinghouse Electric Corpora- 

tion, P.O. Box 2099, Pittsburgh 30, Pa. 


19101 
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A GREAT NAME IN CAPACITORS — A GREAT NAME IN CONVERTERS 
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HE encyclopedia of pole line hardware 
. . . the complete, up-to-date listings, 
illustrations, and descriptions of the largest 
line of Pole Line Hardware and Accessories 
in the world are contained in the new 
HUBBARD CATALOG NO. 50. 
The catalog assembles all the hundreds 
of new items introduced since the publi- 


cation of our last complete catalog, to- 
gether with all the long-time standard 
numbers. 

If you are on our mailing list you should 
have already received your copy. If you 
have not received it, or if you haven’t been 
on our mailing list and should be.. . just 
write and it will come by return mail. 


HUBBARDaxyn» COMPANY 


ESTABLISHED 1843 


PITTSBURGH e*« CHICAGO + OAKLAND, CALIFORNIA 


‘Ylaeg the load on fiilblbard Hardware!” 
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NOW 


SOLVE YOUR POWER 
TRANSMISSION PROBLEMS 


CIRCUIT ANALYSIS 
A-C POWER SYSTEMS 


By EDITH CLARKE, 
The University of Texas 


Formerly with the General Electric Company 


VOLUME Il 


Tested Methods of Solving 
Power System Problems By 
Means of Components 


@ Complete in itself, Volume II of 
this well-known work can be used 
without reference to Volume I. 


@ The author covers impedances 
thoroughly, links phase quantities 
and their components, gives charts 
and curves for determining skin-effect 
and proximity effect in circuits of 
various conductors . . . provides other 
charts and data on numerous im- 
portant topics. 


@ Volume II extends the study of 
transformer banks of single-phase 
units given in Volume I to include 
banks of four- and five-winding trans- 
formers and their equivalent circuits. 


Covers The Following Topics 
In Detail: 


1, Introduction and Summary 
of Equations 

2. Impedance of Electric Circuits 
3. Electrical Characteristics of 
Insulated Cables 

4. Transformers and Autotrans- 
formers 
5. Transformers in System Stu- 
dies sen 

6. Induction 
Machines 

7. aB0 Com- 
ponentsinSyn- 
chronous Ma- 
chine Analysis 
8. Synchron- 
ous Machines 
9. System 
Protection- 
Relays 
Appendixes 
1950 396 pages 
illus $8.50 ie 


Send coupon today for 10-day free 
examination 
PB B= Bess se ee ee 
APPROVAL COUPON 1 


| JOHN WILEY & SONS, INC., Dept. EE-1150 ff 
HB 440 Fourth Ave., New York 16, N. Y. t 
B02 10 days’ approval, send Clarke's Circuit Analysis 
i of A-C Power ae Bele II. I will remit $8.50 plus i 
postage or return boo! tpaid. (O; i 
ene o85 postpaid. (Offer not valid | 
| 
. WEMeRey gta scne Cathars he eet act vise eae ct a 
4. YOM EAC eee PS eee ke ) 
i NViccrcansie ov Miparvin tides GON’, State: oc.c. " 
’ Employed Dy peasy cans angered Goes eee ls 
SAVE POSTAGE! We pay postage if you wnclore $8.50 W 
now. Money back on same return presiloge. ] 
iii ee he he 
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Pyramid Products Company Purchased. 


Ideal Industries, Inc., Sycamore, Ill, has 
announced the purchase of the Pyramid 


‘Products Company, Chicago, Il., manu- 


facturers of wire stripping equipment. 


General Electric Appointments. Paul 
R. Hartig, formerly assistant superin- 
tendent of General Electric’s Holyoke, 
Mass., factory, has been made Manager of 
the company’s Oakland, Calif., transformer 
plant. The company also has announced 
the appointment of M. A. Read as north- 
eastern district service representative for. 
the company’s Appliance and Merchandise 
Department. Recently appointed to key 
assignments in the General Electric Com- 
pany’s Apparatus Department were: M. 
L. Hurni, staff assistant, Large Apparatus 
Divisions; Hershner Cross, staff assistant, 
Small Apparatus Divisions; Charles. C. 
Leader, staff assistant to E. E. Johnson, 
Manager of Engineering, Large Apparatus 
Divisions; John R. Casey, Manager, Gas 
Turbine Sales Division; and Elbridge G. 
Dudley and Louis F. Rodewig, Manager 
and assistant manager, respectively, of 
the Industrial Division. 


RCA Communications Elects Vice-Presi- 
dent. Harry E. Austin has been elected 
Vice-President in charge of the Pacific 
Coast district for RCA Communications, 
Inc. 

New Pennsylvania Corporation Formed. 
Formation. of Ardec, Inc., a company 
specializing in the production of precision 
parts and assemblies on a production basis 
for the aircraft, automotive, diesel engine, 
instrument, electronic, small arms and 
allied industries, has been announced. 
The Ardec plant and general offices are 
located at Media Road and South Orange 
Street, Media, Pa., 15 miles southwest of 
Philadelphia.” William A. Arnken is Presi- 
dent of the new company. 


Westinghouse Appointments. George H. 
McBride has been made Manager of the 
Westinghouse Electric Corporation’s Gear- 
ing Division. Mr. McBride succeeds L. 
R. Botsai, now Manager of the Westing- 
house plant in Buffalo, N. Y. 


Du Pont Promotion. W. Samuel Carpen- 
ter III has been appointed assistant 
manager of the Rayon Department’s 
Planning Division of E. I. du Pont de 
Nemours and Company. 


National Tube Company Appointments. 
William J. McKee, formerly Sales 
Manager, Central Area, has been ap- 
pointed General Manager of Sales of the 
National Tube Company, a United States 
Steel subsidiary. Louis W. Mason has 
succeeded Mr. McKee as Sales Manager, 
Central Area. 


Carter Products Changes Name. The 
name of the Carter Products Corporation, 
producers of plastics pipe, has been changed 
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_ Chalmers Manufacturing Company’s Nor- 


NEW PRODUCTS ee 


to that of Carlon Products Corporation, i 
order to consolidate all products and 
facilities under the company’s trade-name 
§*Carlon.” 4 


Allis-Chalmers Promotion. 
Vogel has been named Superintendent ¢ 
the Electrical Departments of the Allis-— 


wood Works. 


O. Z. Appointments. The O. Z. Elec- 
trical Manufacturing Company has an- — 
nounced the appointment of Roy Comstock — 
as Electrical Engineer in charge of Engi- 
neering Contact, and George H. Kinzel ~ 
as Sales Manager of the firm. y 


Tungsten Electrodes for Arc Welding. — 
Pure tungsten electrodes having a melting 
point of about 6,000 degrees Fahrenheit, — 
and suitable for atomic-hydrogen and gas- 
shielded electric arc welding of a wide 
range of metals, have been announced by 
Sylvania Electric Products, Inc. The use — 
of tungsten electrodes in inert gas atmos- 
pheres prevents the formation of oxides, ‘ 
nitrides, and other contaminants which 
tend to reduce the strength of welds. 
Since tungsten has the lowest vapor pres- : 
sure property of any metal, the amount of 
the electrode consumed in the welding j 
process is held at a minimum. Inert gas ~ 
atmosphere welding may be applied to i 
aluminum, beryllium, copper, brass, copper, 
copper to stainless, everdur, fernico, has- ; 
telloy C, inconel, lead, magnesium, molyb- 4 
denum, monel, nickel alloys, phosphor ; 
bronze, stainless steel, tantalum, and tung- 
sten. The Sylvania tungsten electrodes 
are available in any diameter and length, 
and are supplied with chemical cleaned 
and etched finish or centerless ground 
finish for collet feeds on automatic equip- 
ments requiring electrodes having maxi-— 
mum smoothness and uniformity of dimen-_ 
sion. For further information, write to 
Sylvania Electric Products, Inc., 500 Fifth 
Avenue, New York 18, N. Y. 


Centrafire Stoker. A spreader-type stoker 
with traveling grate and a fuel-burning 
capacity covering a range of from 30,000 
to over 350,000 pounds of steam per hour, — 
has been announced by The Westinghouse 
Electric Corporation. Combustion of any 
bituminous coal and lignite is obtainable 
with this stoker. Coal is spread by a 
hydraulic motor-driven overthrow motor, _ 
so that it falls evenly over the entire length 

of the fuel bed. The forward-moving 
traveling grate discharges ashes continu- 
ously at the front. Coal is fed to each — 
rotor by two long-stroke, constant-velocity — 
rams. A coal-feed equalizer plate driven 
from the rotor oscillates across the incoming 
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*Paper Mill Engineers 
* Consulting Engineers 


‘ A-C Engineers 


NUMBER 4 
IN A SERIES 


Distribution Problems 


WORK TOGETHER TO CREATE 


‘Tailored Distribution 


ene PAPER MANUFACTURER faced a major elec- 
trical problem in converting a southern war plant 
into a big, 300 tons a day newsprint plant. Increased 
load requirements were easily established . . . but deter- 
mining the method of power distribution. presented 
problems — problems of equipment and of balancing 
economy against reliability. 


Called in early during planning, Allis-Chalmers en- 
gineets worked with consulting engineers and paper 
mill experts. Together they examined the problems: 
type of load, density, cost and availability of equipment, 
installation and maintenance costs. Together, they de- 
cided on a system of equipment tailored to the specific 
needs of this plant. Now installed, this system is made 
up of 11 Dry-Type LCS Load Center Unit Substations 


-HALMERS 


ECTRICAL EQUIPMENT FROM GENERATION THROUGH UTILIZATION 


UNIFORM INSPECTION PROCEDURE 


and two Primary Dry-Type MCS Multi-Circuit Unit 
Substations located throughout the plant. They are op- 
erating to the mill owner’s complete satisfaction. 


DO YOU HAVE A SPECIAL POWER DISTRIBUTION 
PROBLEM? 


Your distribution problem can be solved by this same 
kind of cooperation ... your experts, familiar with your 
plant and products — working together with Allis- 
Chalmers engineers, experts in power distribution and 
distribution equipment. Remember, the basic planning 
stage is the best time for you to call on this Allis- 
Chalmers service. Phone your nearby A-C representa- 
tive, or write direct, 
ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


SEND FOR LITERATURE 


Solving Industrial Power 


User preferred dry type 
transformers for 480 volt 
substations, Dry type trans- 
formers were also used on 


the recommendation of A-C 
engineers for 2400 volt units 
to eliminate liquid handling 
roblems and permit a uni- 
orm inspection and main- 
tenance program, 


Bulletin 11B6285A, “How 
Power at Load Centers Pays 
Off!”, bulletin 11B6325B, 
“Check List to Simplify 
Unit Substation Planning,” 
bulletin 11B6895, “Plan- 
ning and Engineering 
Guidebook for LCS Unit 
Substations.’’ Use them 
when planning your Sub- 
station, 


Socom 


THE HATHAWAY SC-16A SIX ELEMENT 


RECORDING CATHODE-RAY 
OSCILLOGRAPH 


NEW. HIGHS IN RESOLUTION are obtained by this new 
oscillograph because of its unusually HIGH FREQUENCY 
RESPONSE and HIGH CHART SPEED...designed for record- 
ing fast transients and continuous phenomena. 


FREQUENCY RESPONSE 0 to 200,000 cycles per second 

RECORDS up to 1000 ft. long at speeds up to 600 inches per second 
RECORDS up fo 10 ft. long as speeds up to 6000 inches per second 
WRITING SPEED above 100,000 inches per second 


Note these additional unusual features. 


@ SIX ELEMENTS with convenient interchangeable lens stages for 
1, 2, 3, or 6 traces on full width of chart. 

@: INTERCHANGEABLE RECORD MAGAZINES for CONTINUOUS 
RECORDING on strip chart, either 6 inches or 35mm in width up to 1000 
feet in length, DRUM RECORDING for short, high-speed records, and 
STATIONARY CHART for very short transients. 

@ PRECISION TIMING EQUIPMENT, tuning fork controlled, for 
1-millisecond or 10-millisecond time lines. 

@ Crystal-controlled Z-AXIS MODULATION for 1/10 millisecond 
time marks. 

@.QUICK-CHANGE TRANSMISSION for instantaneous selection of 16 
record speeds over a range of 120 to 1. 

@ AUTOMATIC INTENSITY CONTROL. 

@ CONTINUOUS SWEEP OSCILLATOR which permits viewing as well 
as recording. 

@ Single-pulse LINEAR OSCILLATOR for recording transients on 


stationary film. The record can initiate the transient to be recorded, or the 
transient can initiate the record. 


Each recording element is a complete unit, fully housed, 
which can be instantly inserted or removed. Recording 
element contains high-intensity cathode-ray tube, and 


outside end. 


FOR FURTHER INFORMATION, WRITE FOR 
BULLETIN 261-) 


INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET © DENVER 10, COLORADO 
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both AC and DC amplifiers. Control panel is located on. 
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fuel, assuring continuous uniform feed 
whether the coal is wet or dry. In the 
design of this stoker, specific consideration 
was given to its use with preheated air at 
relatively high temperatures. Additional 
information may be obtained from West- 
inghouse Electric Corporation, P. O. Box 
2099, Pittsburgh 30, Pa. 


2 


Senior VoltOhmyst. The new RCA Senior 
VoltOhmyst is an electronic service-type 
voltmeter which provides direct peak-to- 
peak measurement of complex wave shapes” 


ba 


a 


up to 1,400 volts. Especially designed for 


television signal tracing and industrial 
servicing, the instrument, WV-97A, con- 
tains a full-wave, high-impedance, high- 
frequency signal-rectifier circuit, featuring” 
wide frequency response and high voltage 


ratings. In addition to peak-to-peak meas- ~ 


urements, the instrument reads direct 
voltages, resistance values, and rms values 
of sine waves. Direct reading peak-to- 
peak scales of the VoltOhmyst permit the 
serviceman to measure sync pulses, compos- 
ite waveforms, and deflection voltages in 


’ television receivers without computations. 


The voltage measuring facilities provided, 
are: seven d-c ranges, seven a-c ranges 
seven peak-to-peak ranges, and seven ohm 
ranges, all continuous in ratio steps of about 
three to one without skip ranges. Direct 
voltages of either polarity may be measured 
from 0.1 volt to 1,500 volts, in the presence 
of alternating voltages, under conditions of 
fluctuating line voltage, and in extremely 
high resistance circuits. Alternating volt- 
ages of complex waves to 1,400 peak-to- 
peak volts may be measured at frequencies 
up to three megacycles. The voltages of 
sine waves may be measured to 1,200 rms 


‘volts. Any additional information on the 


WV-97A VoltOhmyst is available from 
RCA Victor Division, Radio Corporation 
of America, Canden, N. J. 


High-Potential Tester. A new _ instru- 
ment for electrical testing of insulating 
materials, called a current-limited high- 
potential tester, has been developed by the 
General Electric General Engineering and 
Consulting Laboratory. The instrument 
is designed to aid electrical manufacturing 
plants and service shops in testing insulation 
of electrical components and assemblies 
such as coils, relays, motors, and appli- 
ances. The output current of the tester 
is limited to a value below the maximum 
value from which an operator can let go if 
he should accidentally come in contact 
with the test probes. This low value of 
output current also assures nondestructive 
testing. An indicating meter measures 
crest values of voltage on samples tested 
regardless of waveshape, internal voltage 
drop, or variation in line voltage. Faults 
are indicated by a glow lamp on the panel. 
The tester operates from a power supply 
of 105 to 125 alternating volts, 60 cycles. 
The single range model has an output of 
zero to 3,200 volts rms; the dual range 
model has a zero to 1,600 volt range in 
addition to the zero to 3,200. Further 
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CLEVELITE’ 
and COSMALITE* 


. ..a Spirally Laminated Paper Base Phenolic 
Tubing, meet the most exacting requirements of 
precision equipment of the finest manufacture. 


You state your needs...our Laboratories will 
send you samples. 


Our large production facilities are at your 

command. Our low cost quantity prices will 

surprise you. Immediate attention given your 

inquiry. What are YOUR Requirements? 
*Trade Marks 


He CLEVELAND CONTAINERG): 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N. J. 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


WRITE for our 
Special Folder 
on SPARE PARTS 


and other 
PACKAGING 


REPRESENTATIVES 
NEW YORK AREA R. T. MURRAY, 614 CENTRAL AVE., EAST ORANGE, N. J. 


NEW ENGLAND R. S. PETTIGREW & CO., 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 


CANADA ‘WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 
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MEASUREMENTS CORPORATION move. 80 


STANDARD SIGNAL GENERATOR 


2 to 400 MEGACYCLES 


MANUFACTURERS OF 
Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Wave Generators 
Vacuum Tube Voitmeters 
UHF Radio Noise & Field 
Strength Meters 
Capacity Bridges 
Megohm Meters 
Phase Sequence Indic: 


jon and FIM Test 
Tolevicipmme at 


MODULATION: Amplitude modulation is contin- 
vously variable from O to 30%, indicated by a 
meter on the panel. An internal 400 or 1000 
cycle audio oscillator is provided. Modulation 
may also be applied from an external source. 
Pulse modulation may be applied to the oscillator 
from an external source through a special con- 
nector. Pulses of 1 microsecond can be obtained 


at higher carrier frequencies. 
ators 


BOONTON 


ILSCO LUGS 


CONNECTORS - ACCESSORIES 
Indusiry’s Standard of Excellence 
ABOVE ALL ... in performance 
BELOW ALL . .. in heat rise 


Yes, here’s really something to brag about... and 
proved by innumerable tests in laboratories and the field. 


ILSCO LUGS 8° average over 50% COOLER 


than Underuriters’ requirements 


That means greater economies in every way... and 
greater satisfaction. 


VT series available in 6 sizes from #14 wire to 
600,00 é 


ILSCO 


FREQUENCY 
ACCURACY -+.5% 


OUTPUT VOLTAGE 
0.1 to 100,000 
microvolts 


OUTPUT 
IMPEDANCE 
50 ohms 

i 


MEASUREMENTS CORPORATION 


NEW JERSEY 


COPPER TUBE & PRODUCTS, Inc. CINCINNATI 27, 0. 
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information may be obtained from the 
General Electric Company, Schenectady 
5. Ney. 


Bent-Gun. Uniform focus over the entire 
usable screen area of the television tube 
face, has been attained by means of a new 
bent-gun announced by the Cathode-ray 
Tube Division of the Allen B. Du Mont 
Laboratories, Inc., 750 Bloomfield Avenue, 
Clifton, N. J. A higher degree of pre- 
focusing in the bent-gun passes a smaller 
diameter beam bundle through the deflec- 
tion field. This reduces spot distortion, 
and results in uniform focus. A new grid- 
cathode assembly makes it possible to obtain 
this greater prefocusing without increasing 
the over-all length of the tube, An im- 
proved bulb space simplifies electron-gun 
centering and insures proper anode contact. 
Stray emission at higher voltages is mini- 
mized by rounding the corners of pertinent 
electron-gun components, Additional in- 
formation may be obtained from the com- 


pany. 


“Super Sniffer.’ The Nuclear Instru- 
ment and Chemical Corporation has intro- 
duced a geiger counter, the “Super Sniffer,” 
which detects the radiation reaching the 
surface of the ground, no matter how deep 
the source, and indicates the radioactivity 
by both earphone clicks and neon flashes. 
When used to check samples its beta win- 
dow makes it extremely sensitive, because 
it will detect both beta and gamma radia- 
tion. ‘Two flashlight batteries provide 
power for the instrument, which requires 
no special voltage adjustments. Weight is 
less than two pounds. Further details 
may be obtained from the company at 
223 West Erie, Chicago, Ill. 


Hand Tachometers: Jagabi centrifugal — 


tachometers, manufactured by the James 
G. Biddle Company, are now protected 
with a special clutch device which mini- 
mizes the possibility of damage due to the 
use of a low-speed range for a high-speed 
spindle, or from too sudden acceleration. 
A special form of friction coupling also 
greatly reduces the likelihood of damage due 


to occasional or unintentional excessive ac- ~ 


celeration and overspeeding. ‘The tachom- 
eters are available in one, three, and five 
ranges, for-speed measurement from 25 
rpm up to 48,000 rpm. For a more com- 
plete description, write to the James G. 
Biddle Company, 1316 Arch Street, 
Philadelphia 7, Pa., for bulletin 35-07-7. 


Transformer Overload Indicator. ‘The 
Line Material Company, 800 North 8th 
Street, Milwaukee 1, Wis., has developed a 
buzzer-type transformer overload indicator 
which can ke used on all types and sizes 
of distribution transformers. This buzzer 


indicator, called “‘Load-Alarm,” is installed — 


inside the transformer and operates when 
a replaceable eutectic alloy fusible element 
with a predetermined melting point of 
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5 reasons why 


DUPONT “TEFLON 


gives unequaled efficiency 
in high-frequency transmission 


DU PONT’S NEW “TEFLON” tetrafluoroethylene resin 
is proving to be an excellent insulation for high- 
frequency wires and cables, coaxial transmission 
lines for FM radio and TV, and coaxial connectors. 
“Teflon” offers all these advantages: 


Low dielectric constant— The dielectric con- 
stant of ‘“Teflon” (2.0) is less than half that of cera- 
mic! This new Du Pont plastic practically eliminates 
reflections and distortions ina transmission line when 
-used as insulation in coaxial cables and connectors. 


Low loss factor—The loss factor of “Teflon” 
is less than 0.0005 over the entire range of frequen- 
cies measured to date. Almost no power is lost 
through transmission-line spacers made of “Teflon.” 


Heat-resistant— The heat-resistance of 
“Teflon” is higher than that of any other thermo- 
plastic (withstands up to 500°F.). And its electrical 
properties show little change up to 400°F. 


Tough and resilient — “Teflon” withstands 
abuse—won’t crack if dropped. It is resilient and 
flexible even at extremely low temperatures. Resists 
damage from vibration or bending when used as 
insulation on wires and cables. 


Zero moisture-absorption — “Teflon” shows 
a moisture-absorption of 0.00% by A.S.T.M. 
D570-42. Hence its electrical properties are unaffect- 
ed even after prolonged soaking in water. 


*REG. U. S. PAT, OFF. 


“TEFLON” is supplied by Du Pont in molding 
powders, tape, and water dispersions. We will gladly 
suggest molders or fabricators who can supply 
finished parts of “Teflon.” Write teday for more 

information. Our technical staff will be glad to help you. io L ASTI Cc S 
E. I. du Pont de Nemours & Co., (Inc.) 

Polychemicals Department, Sales Offices: 350 Fifth Ave., 


New York 1, N. Y.; 7 S. Dearborn St., Chicago 3, IIL; 
845 E. 60th Street, Los Angeles 1, California. 


Better Things for Better Living 


... through Chemistry 
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SS gE SE SESE =E=_oCTLaS=S_ ss >—sCOEEPD ers grade, melts. The melting of the alloy 


allows contacts to close an electrical circuit 
which in turn operates the buzzer. The 
= = h Load-Alarm is connected electrically to 
V | b rat 0 ¥ Cc te ] nve r t (e r Ss W it the secondary side of the transformer, and 
since it is attached directly to the trans- 
former tank by a metal mounting strap, the 
@ e e sound of the buzzer is greatly amplified 

/} S CCON Sta Vin because the transformer tank acts as a 

i} sounding board. ‘The secondary conductor 

serves as a medium through which this 
sound is transmitted through the buildings — 
FO R M | C ROWAV E RE LAY STATI ON § that are served by the transformer. The 
indicator contains a small fuse which can 
be removed through the handhole cover on 
the transformer to stop the buzzing until 
such time as the transformer can be re- 
placed. After the indicator has operated, 
the thermal element can be replaced and 
the unit is then ready for reinstallation. 
For a more detailed description, write to 

the company for bulletin 50075. 


C-D Model 3226 
Vibrator Converter, 
designed specifically 
to supply emergency 
power in unattended 
microwave relay 
stations, reaches full 
output voltage within 
100 milliseconds of 
starting time. 


Magnetic Amplifiers for Specific Control. 
The Vickers Electric Division has made 
available three types of magnetic amplifiers 
designed for three distinct needs—high 
performance, high gain, and high power. 
The high performance series is available 
for 60-cycle or 400-cycle power sources. 
The former is supplied in 28 styles, with 
output levels ranging from milliwatts to 
180 watts. The latter is available in 20 
stock styles, with maximum output power 
from 30 watts to 385 watts. Where the 
optimum electrical characteristics and the 


CORNELL-DUBILIER VIBRATOR CONVERTERS completely oct ee 


performance series are not required, the 


ARE ENGINEERED TO YOUR REQUIREMENTS! Vickers high-gain magnetic amplifiers 


offer economy for 60-cycle control applica- 


Model 3226 also features: tions. This series is provided in 22 styles 
with maximum output powers from 14/2 

AUTOMATIC VIBRATOR SWITCHING: When service vibrator reaches end of useful life, watt to 1,200 watts. Where very large 
standby vibrator automatically is switched into circuit with no interrup- power outputs are required, the Vickers 

tion of operation. Warning light signals need for new service vibrator. high-power magnetic amplifier series, to 

serve 60-cycle control applications, are 

SINE WAVE OUTPUT: Regulated 60-cycle sine-wave power assures optimum operation supplied in 20 styles with power levels 
of all equipment supplied. ranging from 65 to 3,660 watts. A new 

bulletin, ‘‘Magnetic Amplifiers—Circuits, 

LOW POWER REQUIREMENTS: Unusually high circuit efficiency reduces input power Characteristics Types,’ is available which 
requirements far below previous circuits. Much more time now for further describes these amplifiers from the 
maintenance crews to restore regular power supply. Vickers Electric Division, 1815 Locust 


J ‘ i Street, St. Louis 3, Mo. 
LOW MAINTENANCE cost: Replace vibrator in 2 minutes with converter in rack 


mounting. Practically no other maintenance needed, even after years of 
service. 


C-D will adapt or engineer a vibrator Write today for Catalog No. 410 to T R A D E L ! T E RAT u R E 


converter for your specific needs, based CORNELL-DUuBILIER ELECTRIC Corp., 
on the new, advanced C-D basic design. 2900 Columbia Ave., Indianapolis, Ind. 


Power input ranges from 100 watts at Osher plants in South Plainfield, N. Jee Guide to Lighting. The MHolophane 
6 volts to 1500 watts at 110 volts, d-c.A New Bedford, Brookline, Worcester, Company, Inc., 342 Madison Avenue, 
standard model may be available foryour — Mass.; Providence, R.1.; and subsidiary, New York 17, N. Y., has published a 52- 
requirements. Inquiries are invited... The Radiart Corp., Cleveland, Ohio. page “Guide to Lighting Educational 


Institutions,” which contains data and 
practical recommendations for every educa- 
tional lighting need. There are 34 specific 


CORNELL - DUBILIER plans for the different types of space that 


repeatedly occur in most iarge educational 


VIBRATOR CONVERTERS buildings, along with electrical, optical, — 


and mechanical specifying and catalog 
Diy, iain Gael aaa © D Wd eS. .| data. The guide is available from the 
SuBsipiary company upon request, 
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Unit switch construc- Easy-to-change standard batteries. Double 


tion houses precision spiral springs give permanent connection. 
resistors in insulated 


recesses. 


Molded selector switch 


fully enclosed. Spiral 
spring index control—over 
150,000 cycles without 
Direct connections—no har- >) | breaking. 
ness cabling—no shorts. f 


Here's why top engineers and 
technicians use Model 630 


Features like those shown above are what make this popular V.O.M. so outstandingly 
dependable in the field. The enclosed switch, for instance, keeps the silvered contacts 
permanently clean. That's rugged construction that means stronger performance, 
longer life. And tests show that the spiral spring index control, after more than 

150,000 cycles of switch rotation, has no disruption or appreciable wear! Investigate 
this history-making Volt-Ohm-Mil-Ammeter today: 33 ranges, large 54%" meter. 


ONLY FOR THE MAN WHO TAKES PRIDE IN HIS WORK 


$37.50 
AT YOUR DISTRIBUTOR 
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nDeRSson BRASS 


DEPENDABLE 


OUTDOOR BUS SUPPORTS 


Tusune Coutinutty of Service 


THE MOST COMPLETE LINE 
© BRONZE BUS SUPPORTS FOR USE WITH COPPER CONDUCTORS 
© ALUMINUM BUS SUPPORTS FOR USE WITH ALUMINUM CONDUCTORS 


o Avatlable with aud without (nealatore 


Anderson Brass has made a specialty of assisting with solving 
"tough" substation bus support and connector problems. This 
specialty transcends all phases of electrical, mechanical and metal- 
lurgical problems. 


With more than two decades of specialized electrical, mechanical 
and metallurgical experience in the engineering and manufacture 
of bus supports, fittings and connectors we are qualified to assist 
in improving your substation's dependability spa circuit security 
with no extra cost. This type of service is at your disposal from 
. Anderson Brass. We welcome the "tough" problems as well as the 
easy’ ones. 


atest one of our nearest 19 representatives or contact our main 
ottice. 


Write today for Catalog No. 205—Outdoor Bus Supports 
and Fittings. Information on aluminum bus supports and fittings 
available on request. 


POST OFFICE DRAWER 2151 
Birmincuam,!, ALtasama 


® BRONZE AND ALUMINUM POWER CONNECTORS, FITTINGS, 
AND BUS SUPPORTS 
ALUMINUM SUSPENSION AND STRAIN CLAMPS 
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Cellulose Esters. The Tennessee Eastman 
Corporation has just released a new, ex- 
panded edition of ‘“‘Eastman Cellulose 
Esters.’ This 59-page book, primarily 
a laboratory manual, includes detailed 
information covering uses and specifica- 
tions of Eastman cellulose esters, the 
compatibility of these esters with solvents, 
resins, and plasticizers, and procedures of 
analysis. ‘The booklet may be obtained 
from the Tennessee Eastman Corporation, 
Kingsport, Tenn., upon request. 


Temperature Control. The Partlow Cor- 
poration, New Hartford, N. Y., has made 
available a booklet, “The Design and 
Process Engineers Guide to Industrial 
Temperature Measurement and Control,” 
which defines the different types of control 
systems and distinguishes between them 
so that the engineer can logically select 
the particular type most appropriate to his 
situation. The manual may be obtained 
upon direct request to the company. 


Tungsten and Molybdenum. A new 
booklet on tungsten and molybdenum has 
been published by the Fansteel Metal- 
lurgical Corporation. In text, illustra- 
tions, and tables, the booklet covers 
metallurgy, physical, mechanical, and 
chemical properties, uses and applications, 
fabricating techniques and available forms. 
It may be obtained from the company at 
2200 Sheridan Road, North Chicago, Il. 


1951 Radio Catalog. The Allied Radio 
Corporation, 833 West Jackson Boulevard, 
Chicago, IIl., has. announced publication 
of its 1951, 212-page catalog. Special 
emphasis has been placed on equipment for 
industrial maintenance, research, and pro- 
duction requirements. The catalog may 
be obtained from the company. 


Allis-Chalmers Publications. Allis-Chal- 
mers has released three new publications: 
Bulletin 78867424, which describes con- 
struction features of Allis-Chalmers outdoor 
metal-clad switchgear; Bulletin 7587465, 
which contains examples illustrating basic 
considerations in the improvement of 
system power factor; and Bulletin 
61B6726A, which discusses rural service 
distribution transformers. All bulletins 
may be obtained from the Allis-Chalmers 
Manufacturing Company, 931 South 70th 
Street, Milwaukee, Wis. 


Measurements Notes. The Measure- 
ments Corporation of Boonton, N. J., 
manufacturers of electronic test equipment, 
has published the second issue of ‘‘Measure- 
ments Notes,”’ which describes the measure- 
ment of the impulse noise susceptibility of 
receivers. ‘The brochure is available upon 
request from the company. 


Catalog 81. Micro Switch has issued a 
new Catalog, ‘‘Catalog 81,’’ which contains 
a listing of precision switches designed for 
the control of a-c circuits in commercial 
and industrial applications. It may be 
obtained from Micro Switch, Freeport, Ill. 


(Continued on page 58A) 
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ALLIS-CHALMERS 


Lose $4 


LOW VOLTAGE CAN COST YOU THAT OR MORE! 


3 ear WHO LOOK at 105v or 110v as “ade- 
quate” for feeders are losing from $4 to $8 
annual revenue for every customer. Now that most 
appliances are rated 120v instead of 110v, you can 
lose many thousands of dollars if you permit voltage to 
stay at a level that was once considered adequate. It 
costs money 770f to regulate voltage! 

There are several ways to raise voltage and cut 
revenue losses. Regulators are a common method. 
But there’s a big difference in regulators! For ex- 
ample, a regulator that holds a narrow 2 volt band 
can maintain average voltage 1 volt higher than a 
regulator holding a 4 volt band. 

Band width is therefore the real way to judge a 
regulator. Allis-Chalmers pole type step regulator is 
the only pole type step regulator on the market today 
that holds a 2 volt band. 

The band width advantage can be used in any one 
of these three ways: 

1. You can use it to increase revenue. 

2. You can use it to increase load-carrying capacity. 

3. You can use it to extend feeder length. 


Hundreds of these regulators are already in use. Find out what 
the narrow band width of Allis-Chalmers pole type step regulators 
can mean on your lines. Call your BAe Allis-Chalmers Sales 
Office for the complete story. A-3181 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


Judge a Regulator by the Band Width it Holds! 


The Allis-Chalmers pole type regulator is the only pole type step 
regulator that can hold a narrow 2 volt band. Use the band width 
advantage of this regulator to hold higher average voltage. Get 
quicker return on dollars invested in regulation. 


ALLIS-CHALMERS 


Originators of %% Step Regulation 
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SIZE AND WEIGHT Because they are designed for high 
operating temperatures, Hornet Transformers and Reactors have 
only about one-fourth the size and weight of Class A units of 
comparable rating. 


VOLTAGE RATINGS Designs are available for RMS test 


voltages up to 10,000 volts at sea level, and up to 5,000 volts at 
50,000 feet altitude. Power ratings from 2VA to 5KVA. 


POWER FREQUENCIES These units are designed to oper- 


ate on 380/1600 cps aircraft power supplies, 60 cps power sup- 
plies, and any other required power frequency. 


AMBIENT TEMPERATURES Hornet Units can be designed 


for ambient temperatures up to 200 deg. C. Size for any given 
rating depends upon ambient temperature and required life. 


LIFE EXPECTANCY Extensive tests indicate that the life 


expectancy of Hornet units at continuous winding temperatures 


of 200 deg. C. is over 50,000 hours. 
MOISTURE RESISTANCE Since Hornet Transformers and 


Reactors contain only inorganic insulation, they are far more 
moisture resistant than conventional Class A insulated units. 


EFFICIENCY Regulation and efficiency of Hornet Trans- 


formers compare favorably with Class A units. 


SPECIFICATIONS Hornet Transformers meet the require- 


ments of Government specifications covering this type of equip- 
ment, 


Bulletin B300, containing full electrical and dimensional 
data on Hornet units, is now available. Write for it, or tell 
us your specifications for special units, 


NEW YORK 
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Fuse Links Bulletin. The Matthews 
Fuse Links Bulletin 704-B describes all 
types of primary Matthews fuse links 
having various time current characteristics. 
The bulletin is available from the W. N, 
Matthews Corporation, 3850 Delor Street, 
St. Louis 16, Mo. " 


Rental Instruments. The InstruRental 
Company, 411 Albee Building, Wash- 
ington 5, D. C., has issued a catalog of their 
portable indicating and recording meters 
made by leading electrical instrument 
manufacturers, which are shipped on a 
rental basis to all parts of the country. 
The catalog may be obtained upon request. 


Underfloor Wiring Systems. Underfloor 
electrical distribution systems are described 
in a booklet, catalog number 66, which is 
available from the National Electric 
Products Corporation, Chamber of Com- 
merce Building, Pittsburgh 19, Pa. 


Pump for Hydraulic Test Purposes. 
The Milton Roy Company, 1300 East 
Mermaid Lane, Philadelphia 18, Pa., has 
issued a booklet on their new “aiROY- 
metric’? pump for hydraulic test purposes. 
The bulletin, 450, may be obtained from 
the company upon request. 


Shaft Speed Reducer Bulletins. The 
Falk Corporation has released four new 
engineering bulletins describing the im- 
proved Falk parallel and right-angle speed 
reducers (both horizontal and vertical). 
The bulletins, numbers 7770, 1775, 2705, 
and 2770, may be obtained from The 
Falk Corporation, 3001 West Canal Street, 
Milwaukee 8, Wis. 


Pressure and Temperature Regulators 
A new 32-page booklet containing informa- 
tion about pilot-operated pressure and 
temperature regulators is available from 
the Spence Engineering Company, Inc., 
Walden, N. Y. 


Heavy Duty Connectors. Cannon Elec- 
tric, 3209 Humboldt Street, Los Angeles 
31, Calif., has issued a second edition of its 
bulletin on type “A@” series electric con- 
nectors, which is available upon request. 


Research Brochure. The Cook Research 
Laboratories, a division of the Cook Electric 
Company, has published a 48-page bro- 
chure which describes the services, facilities, 
and personnel of the laboratories. Copies 
can be had on request from the Cook 
Research Laboratories, 1457 Diversey 
Parkway, Chicago 14, Ill. 


Cast Iron Welding Failures, A study 
of cast iron welding failures, and methods 


.of overcoming these faults, has been pub- 


lished in bulletin HU-55, available from 
the Eutectic Welding Alloys Corporation, 
40 Worth Street, New York 13, N. Y. 


Modern Precision. The Leeds and 
Northrup Company, 4902 Stenton Avenue, 
Philadelphia 44, Pa., has released another 
issue of their bulletin, “Modern Precision,” 
volume 10, number one, which contaii 1s 
articles on metals, process industries, 
ceramics, power, research, teaching, and 
testing. The bulletin is available upon 
request from the company. P 


~ 
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etallic PS Shieldi 


@ This subject has frequently come up for deliberation among 
outstanding power transmission engineers. They have thrown 
considerable light on the question and any buyer of cable will 
want to weigh the advantages and disadvantages of each type. 


Unshtelded insulated cable can generally be used up to 5000 
volts without much trouble from corona and ozone formation. 


Metallic Shielding in the form of metal tapes, wire braids 
and wire servings has been used with success under favorable 
conditions for cables 5000 volts and up. However, lack of 
flexibility may cause serious trouble. With expansion and 
contraction, bending and straightening, the metal shield tends 
to separate slightly from the insulation forming air gaps. Each 
air gap is a potential danger point causing spark discharges 
with corona and ozone formation—highly deteriorating to an 
organic insulating material. 


Non-metallic PS Shielding with conducting tapes for cables 
5000 volts and up, eliminates many of the weaknesses of metal- 
lic shielding. PS Shielding consists of a fibrous tape coated 
with a conducting rubber. It stays flexible—remains in in- 
timate contact with the conductor or insulation. No air gaps 
can form and destructive sparkling is prevented. Corona is 
definitely eliminated—and so is ozone. 

Type PS Shielding may be used alone, in combination with 
ground wires, or as a supplement to metallic shielding. We are 
now able to offer a conducting rubber compound that will 
provide improved shielding for any type of high-voltage cable. 

Write for our booklet, “Type PS Semi-Conducting Shield- 
ing” which gives complete information. 


AMERICAN’ STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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cooseccell PAYS TO 
SELECT INSTRUMENT- 
CONTROLLED RELAYS 


pon thisGnlt 


25 standard Struthers-Dunn types match over 90% of 
all normal requirements in the exacting field of instrument- 
controlled relays. Moderately priced, they’ll prove doubly 
economical in your production because a type can be 
selected to match both your electrical and mechanical 
requirements exactly. 

Available relays cover applications: 
. where load voltage exceeds the rating of sensitive 
instrument contacts 
- where high load current may shorten instrument 
contact life 
or where 3-wire (HCL) instrument control must be 
translated into 2-wire “‘off’’ and ‘‘on”’ control. 


<q GET THIS HANDY GUIDE 


Write for Data Bulletin 6100 for complete 
information on relays for 2-wire instru- 
ments including mercurial thermostats; 
and relays for 3-wire high or low-voltage 
instruments. . 


STRUTHERS-DUNN, INC., 150 N. 13th Street, Philadelphia 7, Pa. 


BALTIMORE @ BOSTON e BUFFALO e CHARLOTTE e CHICAGO e CINCINNATI 
CLEVELAND @ DALLAS e DETROIT e KANSAS CITY e LOS ANGELES 
MINNEAPOLIS @e MONTREAL @e NEW ORLEANS e NEW YORK e PITTS- 
BURGH e@ ST. LOUIS @ SAN FRANCISCO e@ SEATTLE e SYRACUSE e TORONTO 
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Allis-Chalmers Rumley Ltd. Acquires 
Erie Iron Works. Allis-Chalmers Rum- 
ley Ltd., a Canadian subsidiary of the 
Allis-Chalmers Manufacturing Company, 
Milwaukee, Wis., has announced the 
purchase of the plant of the Erie Iron 
Works at St. Thomas, Ontario, Canada, 
and also the purchase from that city of an 
additional seven acres of land. The 
General Machinery Division of the parent 
company plans to manufacture and 
assemble products that will become com- 
ponent parts of finished equipment. Fore- 
most among these will be controls for 
diesel locomotives manufactured by the 
General Motors diesel plant of London, 
Ontario, Canada. : 


Cornell-Dubilier Purchases Assets of the 
U.S. Devices Corp. The Cornell-Dubilier 
Electric Corporation and its subsidiary, 
the Radiart Corporation, have purchased 
the assets of the U. S. Devices Corporation. 
of South Plainfield, N. J. The U. S. 
Devices rotator has been added to the 
Cornell-Dubilier tele-rotor line under the 
name of the “Standard” tele-rotor. ~ 


- 


RCA Acquires New Plant. The RCA 
Victor Division of the Radio Corporation 
of America has acquired a new plant in 
Cincinnati, Ohio, for the manufacture of 
miniature-type electron receiving tubes. 
The plant, to be operated by the RCA 
Tube Department, is scheduled to be in 
full production by the autumn of 1951. 


Minnesota Mining Buys Big Rock Stone- 
and Material Company. The Minnesota 


Mining and Manufacturing Company has. 


purchased the Big Rock Stone and Ma- 
terial Company in Little Rock, Ark. The 
sale included Big Stone quarry in North 
Little Rock and the general offices and 
retail plant for crushed stone, sand, and. 
ready-mix concrete. R. S. Wilson, Sr.,. 
President of Big Rock Stone and Material 
Company, will continue as active head of 
the company’s management, which wilh 
operate as a wholly owned subsidiary of the: 
Minnesota Mining organization. 


Sola Electric Appoints New Sales Repre- 
sentative. Appointment of the Slaybaugh. 
and Thompson Company, 100 West 13th 
Avenue, Denver, Colo., as its sales repre- 
sentative for the mountain states area has. 
been announced by the Sola Electric 
Company, Chicago, Ill. The new agent 
will handle the entire Sola line in the 
states of Colorado, Wyoming, Utah, 
Idaho, and New Mexico. 
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valve type LIGHTNING 

ARRESTERS give you... 

l Low average IR discharge voltage 
with less than + 5% tolerance. 


2 Low average sparkover voltage with 
less than + 10% tolerance. 


3 Discharge capacity of 100,000 am- 
peres. * 


4 Duty cycle of 10,000 amperes. x 


* According to AIEE Standard, 28-A 


INO-B /JHOREX 
“ee 

ARRESTERS OFFER 

LARGE 


To assure the extremely close operating toler- 
ances offered in the new O-B Thorex lightning 
arrester, factory production must be somewhat 
better than published values. To guarantee an 
IR discharge voltage not exceeding + 5% and 
a sparkover voltage not exceeding + 10% in a 
mass-produced item requires daily manufactur- 
ing performance well within these outside per- 
missible allowances. Hence, two important 
words precede O-B’s tolerance statement: ‘Less 
thani-cc 


What is this really worth? The low average IR 
discharge rating of Thorex arresters, coupled 
with a voltage tolerance of only + 5% and the 
rapid sparkover with only a + 10% tolerance, 
provide a new low level of apparatus insulation 
protection. You can take advantage of such 
protection by specifying O-B Thorex arresters 
on new apparatus as well as old. The Thorex 
brings to the American market the minimum 
values of protective characteristic tolerance so 
far offered. Minimum tolerance added to low 
average values of sparkover and IR discharge 
voltage spell improved protective margin. 

This is only one phase of the story behind the 
new O-B Thorex valve type lightning arrester. 
A new book, Publication 869-H, describes the 
Thorex in detail. Write for a copy or contact 
your O-B representative who will gladly supply 
any information you require. 
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SIZE AND WEIGHT Because they are designed for high 
operating temperatures, Hornet Transformers and Reactors have 
only about one-fourth the size and weight of Class A units of 
comparable rating. 


VOLTAGE RATINGS Designs are available for RMS test 


voltages up to 10,000 volts at sea level, and up to 5,000 volts at 
50,000 feet altitude. Power ratings from 2VA to 5KVA. 


POWER FREQUENCIES These units are designed to oper- 


ate on 380/1600 cps aircraft power supplies, 60 cps power sup- 
plies, and any other required power frequency. 


AMBIENT TEMPERATURES Hornet Units can be designed 


for ambient temperatures up to 200 deg. C. Size for any given 
rating depends upon ambient temperature and required life. 


LIFE EXPECTANCY Extensive tests indicate that the life 


expectancy of Hornet units at continuous winding temperatures 
of 200 deg. C. is over 50,000 hours. 


MOISTURE RESISTANCE Since Hornet Transformers and 


Reactors contain only inorganic insulation, they are far more 
moisture resistant than conventional Class A insulated units. 


EFFICIENCY Regulation and efficiency of Hornet Trans- 


formers compare favorably with Class A units. 


SPECIFICATIONS Hornet Transformers meet the require- 


ments of Government specifications covering this type of equip- 


ment, 


Bulletin B300, containing full electrical and dimensional 
data on Hornet units, is now available. Write for it, or tell 
us your specifications for special units. 


NEW YORK 


TRANSFORMER CO., INC. 
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Pocket Thermometer. The Thermicator, 
a pocket-type thermometer introduced by 
the Tagliabue Instruments Division of the 
Weston Electrical Instrument Corpora- 
tion, can be used either as an armored or 
a plain thermometer for temperatures be- 
tween —30 degrees Fahrenheit and +120 


. degrees Fahrenheit. The Thermicator con- 
sists of an etched-stem glass thermometer, 


about the size of a fountain pen, enclosed in 
a spring pressure metal case. It can be 
suspended from a cord through its eye 
and immersed in a test fluid or medium 
like an armored thermometer. Large 
apertures in the case help assure better 
circulation of most light liquids or vapors 
around the bulb. For general tempera- 
ture testing, where it isnot exposed to the 
danger of breakage, the thermometer is 
removed from the case. Further details 
are available from the Tagliabue Instru- 
ment Division, Weston Electrical Instru- 
ment Corporation, Department 414, 614 
Frelinghuysen Avenue, Newark 5, N. J. 


Electric Control System. A new control 
system just announced by the Leeds and 
Northrup Company introduces rate action 
into an electrically actuated control. 
The significance of rate action is that it 
responds according to the speed with which 
the controlled variable changes, thus 
improving process output by reducing the 
length of time that an upset can force the 
controlled .process off its set point. If 
furnace temperature, for example, begins 
to fall, rate action immediately opens the 
fuel valve. . As the rate of temperature 
departure decreases, rate action’s effect 
also decreases, to».bring temperature 
smoothly back ‘into line. This control, 
the P.A.T. °50, has proportional and 
reset control actions, and is applicable to 
the regulation of temperature, pH, chemi- 
cal concentration, and gas analysis. The 
key element of the control system is a new 
control unit, which electrically links a 
micromax or speedomax recording instru- 
ment and a Leeds and Northrup electric 
valve drive mechanism. Additional in- 
formation may be obtained from the 
Leeds and Northrup Company at 4934 
Stenton Avenue, Philadelphia 44, Pa. 


Gasketed Loom-Motor Starter. A new 
motor starter with a gasketed enclosure is 
available from the Westinghouse Electric 
Corporation. The starter is designed for 
starting and stopping polyphase induction 
motors, and also provides overload pro- 
tection. The rotary-action, slam-proof 
handle mechanism operates an overcenter 
toggle mechanism that gives quick-make 
and quick-break contact action. A bi- 
metallic disc-type thermal overload relay 
gives precisely calibrated motor protection. 
The starter is rated up to 600 volts, 71/s- 
horsepower polyphase. De-ion  arc- 
quenching chutes extinguish arcs within 
one-half cycle. Line terminals can be 
provided either at the top or bottom of the 
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Now Aue pERMALLOY HIGH Q TOROIDS a in 


COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


% Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 


% Available in a wide range of 
sizes to obfain nominal in- 
ductances as high as 281 
mh/1000 turns. 


%& These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 


@eeenensesepeeeeeeeeeeeeeeeeeeeeeee 


RES Loading Coils, Filters, Broadband 
Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom- 
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke, 
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished 
stabilized to provide constant permeability (+0.1%) over a specific 
temperature range. 


* Manufactured under licensing arrangements with Western Electric Company. W&0 2930 
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Sanat for r the JOB... RIGHT ON THE Jos! 
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proved better wherev 
excessive insulator con 
tamination is an opera- 
‘fional hazard, such as — 
this Pinco installation 
near a magnesium plant 


in Ohio. 


Competitive Tests...Service Records 
Prove the Superiority of 
PINCO L1612 “Universal” Insulators 


In competitive “fog operation” tests conducted by a Western power com- 
pany, Pinco L1612 Insulators rated ... 


FIRST on “fog arc over.” FIRST on both self-cleaning and 
FIRST on sustained voltage “in fog” anual cleaning characteristics. 
.». NO arc over. SECOND on “sluice arc over.” 
FIRST on sustained voltage “in direct EXCELLENT onradiointerference 
spray”... NO arc over. characteristics. 


We're proud that Pinco Insulators were so conclusively proved “right” 
by such laboratory tests. But we’re even more proud to know that in 
actual operation under “fog” conditions, thousands of Pinco L1612’s have 
been meeting their job requirements 100% on installations made eighteen 
years ago! Such a record of trouble-free service proves that they’re “right” 
where it counts... “right on the job!” So when you have a tough job for 
insulators calling for L1612 characteristics ... put up Pinco to be sure! 


? 


See Page 70, Pinco Catalog No. 49 for com- 
plete electrical and mechanical characteristics. 


ne Porcelain Insulator Corporation 
763 Main Street, Lima, N. Y. 


Sales Agents: JOSLYN MFG. & SUPPLY CO. 
Offices in Principal Cities 


Suspension Insulators . . . Switch and Bus Insulators .. . 
Distribution Clamps . . . Distribution Pin Types and Guy 
Strains .. . Tramsmission Line Fittings ... Tree Insulators... 


Transformer and Circuit Breaker Bushings . . . One Piece 
and Multi-part High Voltage Pin Types... Suspension 
and Strain Clamps . . . Indoor Bus Support Porcelain . . 


. Lightning Arrester Porcelain. 


¢ 1920 Thirty Years Service to the Electrical Industry 1950 © 
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enclosure. Further details can be ob- 
tained from the Westinghouse Electric 
Corporation, Box 2099, Pittsburgh 30, Pa. 


One-Piece Bronze Distribution Con- 
nectors. Anderson Brass Works, Inc., 
Post Office Drawer 2151, Birmingham 1, 
Ala., has introduced a series of one-piece 


~~ 


saliatos 


iT AV we 


distribution connectors, catalog series K- — 


90 and K-900, for making taps, splices, 
and dead ends. The K-90 and K-900 
series each include four sizes of connectors 
to accommodate connections of copper 
conductor combinations from number 8 
to 500,000 circular mils. The mechanical 
features and high strength properties 
incorporated in the series transmit and 
convert higher clamping torque values 


into high pressure contacts on conductors — 


completely enclosed in clamping members. 
These design and alloy characteristics 
provide for flexing of clamping members 
free from permanent set to retain high- 
pressure contacts for sealing out high- 
resistance oxide formation on contact 
areas, and for equal distribution of current 
in conductor strands during vibration or 
expansion and contraction resulting from 
temperature changes. Any further details 
may be obtained from the company. 


Intermodulation Meter. Laboratory 
standard model 37,.a self-contained inter- 
modulation meter manufactured by the 
Measurements Corporation of Boonton, 
N. J., is a test signal generator and an 
analyzer. A built-in supply provides 
power for both “units. The generator 
section produces two. sinusoidal voltages, 
one of low frequency and the other of high 
frequency, which are mixed in a 4-to-1 
voltage ratio and applied to the apparatus 
under test.. The signal from the equip- 
ment being tested is then received by the 
analyzer section of the model 37 to be 
filtered, amplified, demodulated, and 
metered. The meter is direct-reading in 
percentage of intermodulation and input 
volts. This instrument can be used for 
evaluating the performance of audio sys- 
tems, for adjusting and maintaining audio 
and frequency-modulation receivers and 
transmitters, for checking linearity of 
film and disc recordings and reproductions, 
and for quality control of all audio com- 
ponents and equipment. Any other de- 
tails may be obtained from the company. 


Hook Stick Switch. A  1,200-ampere 
hook stick switch for voltages from 7.5 
through 23 kv has been developed by the 
A. B. Chance Company. Special features 
of the switch are the method of applying 
contact pressure and the lever pryout 
action of the pull-ring mechanism. A 
split-contact tongue permits pressure of 
the blade to be centered directly over the 
contact area. Blade pressure is applied 
by a heavy coil spring outside the contact 
point. A lever action has been built 
inte the pryout mechanism enabling the 
operator to open the switch easily under 
all conditions. Double hooks backed by 
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-No.l—2000kw 2500kva  ( }}—<ef >- 
No.2-750 kw 937 kvo. 


- No.3—750kw 937 kva . 


2300v-30- 


6Qcycle 
PO ee 


- No.4—750 kw 937 kvo : wremeog Ol ge 
one i tera MG exciter : 
Exciter control 

PS. high line | 


Plant and: water treat. 


Dilution pump SI. >> 
Heat reclaimers. 
2 ; - Shops area” 
res ; eee Dredges mes 
: Ce eas Sulphur loading ae 
pling kc 
~ Sulphur relays — Ps 
Spare 


This one-line diagram shows power distribu- 
tion at Freeport Sulphur as planned by Sarg- 
ent and Lundy, consulting engineers of Chicago. 
General Electric Metal-clad switchgear handles 
the 2300-volt power from the generators 
through power circuit breakers of 100,000- 
kva interrupting rating. 


The Freeport installation is a complete 
General Electric project—one source of re- 
sponsibility plus the very best in co-ordinated 

_ planning, engineering, manufacturing, and 
service facilities to give maximum savings and 
efficiency to the customer. 


Be sure to see the ‘“More Power to America” full-color sound slide- 
film ““Modern Industrial Power Distribution.““ Ask your G-E sales 


representative to arrange a showing for your organization. 


SWITCHGEAR 2 


WV HEN Freeport Sulphur expanded their produc- 
tion facilities they put in a new turbine to take care 
of the increased load. 


At the same time they replaced all their old equip- 
ment with General Electric switchgear. ~ 


When you order G-E switchgear you get all the 
equipment and service from one reliable source. 
And with everything pre-assembled at the factory 
it takes very little time to get the switchgear in place 
and operating. 


MODERN INDUSTRIAL power distribution sys- 
tems using G-E switchgear are applicable to any 
industrial plant or commercial building where you 


Watt... 3 
© Proper voltage for top performance of equipment 


® An extremely flexible setup to take care of ex- 
panding or changing loads 


® Adequate short-circuit protection 
® Protection for personnel 
® Low installation and maintenance costs 


INVESTIGATE TODAY the many advantages of 
using General Electric switchgear to get the same 
benefits gained by Freeport Sulphur. Contact your 
G-E sales representative for further information—- 
or write for the helpful bulletins listed below. 
Apparatus Department, General Electric Company, 
Schenectady 5, New York. 

GEA-3083 Metal-clad Switchgear 

GEA-4966 Low-voltage Metal-enclosed Switchgear 


GEA-3592 Load-center Unit Substations 


GEA-3758 Load-center Power Distribution 


GENERAL (6) ELECTRIC 
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K-90 AND 


_ K-900 SERIES — 


OFFERS: 


es 
a ll 

ECONOMICAL 

CONNECTIONS 


COORDINATED 
ELECTRICAL 
MECHANICAL 

and 

METALLURGICAL 

DESIGN 


e Low unit connector cost 

e Lower installation cost 

e Four sizes for connections up to 500 MCM 
¢ Reduces inventory investment 


Ability of design to consistently withstand mercurous nitrate test 
ABW Specification 124-1* which insures against seasonal cracking and 
stress corrosion cracking failures. 


Mechanical design and alloy properties incorporating tensile and 
flexing characteristics consistent with maintaining high pressure con- 
tacts on varied conductor size during vibration, expansion and con- 
traction from temperature changes. These features eliminate the neces- 
sity of a locking device. 


Unique design and combination of special high strength alloys per- 
mitting higher clamping torque values being transmitted and con- 
verted into high contact pressures. 


High pressure contacts which seal out formation of high resistance 
oxides on contact areas and lend to an equal distribution of current 
in conductor strands. 


One piece design with interlocking clamping members which com- 
pletely enclose conductors. 


Perfected design permitting rapid easy method of making positive 
trouble free taps, splices and dead ends. 


Design eliminates parts to assemble when installing. Eliminates 
starting threaded members. Eliminates crossed or stripped threads 
resulting from collapsed groove in threaded part when normal tight- 
ening torques are applied. Eliminates loosening of a properly installed 


connection due to vibration, temperature changes and cold flow of 


metals. 


* Identical to ASTM B-154-45 Mercurous Nitrate Specification except 
’ ABW-124-1 specifies stressed components which is a more severe test. 


Conall one of our nearest 19 representatives or: contact our main 
office. 


White foday for Bulletin K-150 on K-90 and K-900 Distribution 
Connectors. 


OAnpverson Brass Works, Inc 


POST OFFICE DRAWER 215) 
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a heavy spring out of the current path 
hold the switch closed against heavy cur- 
rent surges. The switch is available in 
single-throw or tandem transfer design for 
vertical or underhung mounting. Any 
further details may be obtained from the 
A. B. Chance Company, Centralia, Mo., 
upon written request. 


Liquid Rheostat. The type 257 Allis- 
Chalmers liquid rheostat is designed to 
give a constant rate of motor speed change 
over the entire travel of the movable 
electrode—motor speed changes the same 
amount for equal electrode travel anywhere 
within range of the rheostat. Motor 
speed is varied by raising or lowering the 
movable electrode and the electrolyte 
level within the cells. This changes rez" 
sistance by varying both the distance ' 
between electrodes and the current-— 
carrying area of the electrolyte. Since the 
electrolyte functions as the resistance, its 
level must be controlled. Liquid level is 
maintained just above the movable elec 
trode by a weir outlet which is mechanically 
tied to the adjusting mechanism. Heat 
generated within the cell is dissipat y 
circulating the electrolyte through a heat 
exchanger. The rheostat’s stepless speed 
control is desirable for variable torque 
load such as induced- and forced-draft 
fan drives, centrifugal pumps, blower and 
compressor drives, load absorption, and 
motor starting applications. Further in- 
formation is contained in bulletin 7487544, 
which is available from the Allis-Chalmers 
Manufacturing Company at 931 South 
70th Street, Milwaukee, Wis., upon writ- 
ten request. , 


TRADE LITERATURE 


rn 
Power and Control Cable pea The 
Rome Cable Corporation, Rome, N. Y., 
has just published a new 60-page catalog 
describing the company’s power and 
control cable constructions. In a special 
product section, dimensional data, as well 
as electrical and physical characteristics _ 
are presented covering low- and high-— 
voltage cables, service cables, lightoa 
cables, and station control and municipal — 
signal cables. Copies are available upon 
request from the Advertising Department, 
Rome Cable Corporation, Rome, N. Y. _ 


i 


Oil Mist. Alemite Oil Mist, a system of — 
constant and automatic delivery of lubricat- _ 
ing oil to all types of machine bearings in 

air-borne microscopic particles through 
tubing, has been announced recently by 
the Alemite Division of the Stewart-— 
Warner Corporation, 1826 Diversey Park- 
way, - Chicago 14, Ill. This system i 

described in a series of data sheets contain 
ing engineering information, a pape 
presented to the American Society of Lub 
rication Engineers (booklet), by means of; 
diagram and models of the system, ani 
case records of machine tests. This dat 


(Continued on page 58A) 
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New Outdoor Current 
Transformer Type 
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Type KO current transformers solve 


in more 
: tion problems ! 
your installa outs on frame; 


in any position 
to meet your system requirements. 
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Type KO Outdoor (compound-filled) 
current transformer. Available in stand- 
ard current ratings up to and including 
800 amperes and three voltage classes: 
5, 8.7 and 15 KV. 


Highly Accurate on Metering Burdens 
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IN VERSATILITY in mounting 
... high accuracy in metering 
and heavy duty relay application — 
that’s the story on the new Type KO 
out-door current transformer, Line- 
men like it because they can install 
it quickly, easily in any position. 
Primary leads are brought out con- 
veniently to blade type terminals 
through a porcelain bushing de- 


signed with generous creep surface. 
Secondary leads terminate in a 
weather-proof terminal box. Box 
cover readily swings open after 
loosening the barrel type locking 
bolt — no parts to drop or lose. Sec- 
ondary connection through conduit 
openings made to stud type termi- 
nals in this sealable compartment. 

Type KO transformer housing is 
completely welded, Diese tested 
and hermetically sealed. Maximum 
insulation strength is achieved by 
compound filling under a “vacuum- 
pressure” process which entirely 
eliminates air. This results in low 
power factor and a maintenance-free 
installation, 

For more information on Allis- 
Chalmers. wide range of instrument 
transformers write for bulletin 
61B7168 or see your nearby A-C 
sales representative. A-3143 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS, 


The excellent performance of Type 
KO current transformers is repre- 
sented in the above curves,. They 


meet or better ASA and NEMA 
standards, 


ALLIS-CHALMERS 


Pioneers in Power and Electrical Equipment from Generation through Utilization 
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“long after organic rubber melts or becomes brittle . 


SHASTICSGL stays Elastic! 


EFFECT OF AGING AT 390°F. ON THE PROPERTIES OF SILASTIC 


eo 


Hardness, Shore A Scale 


Tensile Strength, p.s.i. 


Elongation, % 


Time in Days at 390°F. 


We're talking about an elastomer that retains its rubbery properties 
at temperatures far above and far below the limits of any other elastic 
material. That is indicated by the effects of accelerated aging at 
350°F. on the properties of two typical Silastic stocks with brittle points 
in the range of —70° to —130°F. 


Silastic is being widely used at temperatures in the range of 250° to 
600°F. and at temperatures ranging from —75° to below —100°F. 
It shouldn't be called a rubber because that term invites comparisons 
that are not valid. At room temperatures, the physical properties and 
abrasion resistance of Silastic are well below the values normally associ- 
ated with rubber. Conversely, at temperatures well within the service- 


able limits of Silastic, rubber rapidly becomes a soft gum or a 
brittle solid. 


The important thing about Silastic is that it retains its physical, chemi- 
cal and dielectric properties over a temperature span of about 600 
Fahrenheit degrees. When you need rubbery properties or good 
dielectric properties in a resilient and flexible material at tempera- 
tures beyond the limits of ordinary rubber, investigate Silastic. 


a 
ee *T. M. REG. U. S. PAT. OFF. 


SEND TODAY! for your 
copy of Silastic Facts 
No. 10 containing new 
data on the properties, 
performances and ap- 
plications for all Si- 
lastic stocks. 


from +500°F, 


SUASTIC/ stays Elastic 


to —100°F. 


DOW CORNING CORPORATION, DEPT. 4-24, MIDLAND, MICH. 


Please send me Silastic Facts No. 10 


Dow ning 
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may be obtained from Stewart-Warner 
Corporation upon request. 


Electric Feedrail. The Feedrail Corpora- 
tion has issued a 64-page catalog (number 
25), “Electric Feedrail,” which illustrates 
and describes their prefabricated trolley 
busway electrical distribution system. The 
catalog may be obtained upon request 
from the Corporation at 125 Barclay 
Street, New York 7, N. Y. 


Monsanto Plasticizers. Monsanto  tech- 
nical bulletin number O-70 describes the 
properties and uses of typical polyvinyl 
chloride film and sheeting formulations. 
Information on the various types of plasti- 


cizers and their functions and the composi- — 


tion and relative values of seven stabilizer 
systems also is’ included. Copies may be 
obtained from the Monsanto Chemical 


Company, Organic Chemicals Division, — 


1700 South Second, St. Louis 4, Mo. 


Vibrotest Data. New data on 29 Vibro- 
test insulation resistance testers has been 
released by Associated Research, Inc., 
3754 Belmont Avenue, Chicago 18, Ill. 
The booklet, Vibrotest bulletin 2A, is 


available upon request from the company- 


Thermocouple Manual. A new edition 


of the Wheelco data book and catalog 
(bulletin TC-8), containing application 
recommendations and information con- 
cerning instrument sensing units and 
associated accessories, has been released 
by the Wheelco Instruments Company, 847 


West Harrison Street, Chicago 7, Ill. The 
manual is available upon request. 
Allis-Chalmers Bulletins. The Allis- — 


Chalmers Manufacturing Company has 
issued five new bulletins: ‘‘Electrifugal 
Pump,’’ 52B6740B, contains design and 
construction features of a close-coupled 
pump and motor—the Electrifugal; “Allis- 


Chalmers Power Equipment,” 25B6750C, 


presents products commonly used on 
power generating, transmission, and dis- 
tribution systems; ‘‘Allis-Chalmers Syn- 
chronous Condensers,’ 05B7285, covers 


air-cooled, outdoor air-cooled, and hy- 


drogen-cooled condensers; ‘““Type H Mo- 
tor Starters,’ 74B6410A, describes Allis- 
Chalmers type H motor starters for 2,300- 
to 5,000-volt squirrel-cage, wound-rotor, 
synchronous and multispeed motors; and 
**Type 256 High-Voltage Air Break Cion- 
tactor,’’ 74B7303. These Allis-Chalmers 
bulletins are available upon request to the 
company at 931 South 70th Street, Mil- 
waukee, Wis. 


Bakelite Polyethylene. The Bakelite Di- 
vision of the Union Carbide and Carbon 
Corporation, 300 Madison Avenue, New 
York 17, N. Y., has issued a new booklet, 
“Bakelite Polyethylene,’’ which summarizes 
the characteristics, development, and latest 
applications of this thermoplastic material. 
The booklet is available upon request. 
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PLANT POWER-PROBLEM: 


Costly outages caused by phase-to-phase 
flashovers and burndowns in open wiring 
strung in chemical atmosphere 


SOLUTION: 


SELF-SUPPORTING AERIAL CABLE 


ust, moisture and acid fog prevalent in the atmosphere 
surrounding the Rumford, Maine, mill of the Oxford Paper 
Company posed a problem in power circuit maintenance. 
The combination of these elements made it practically 
impossible to keep even the over-voltage insulators and 
wooden structures from becoming conducting to the point 
where even 2,300 volts resulted in phase-to-phase flashovers 
and burndowns. Moreover, burndowns of upper circuits 
would often cause loss of lower circuits through repeated 
burnouts as top wires dropped to underlying layers. 


Solution of this serious problem was found in the substi- 
tution of Okolite-Okoprene Self-Supporting Aerial Cable 
for open wires. According to company officials, the combi- 
COMPACT AND ECONOMICAL—Self-evident space econ- nation of Okolite high voltage moisture and heat resisting 
omy combines with reasonable installation and low main- insulation protected by non-conducting weather and chemi- 


fenance costs. 3/C #4/0 Okolite-Okoprene Self-Support- cal resistant Okoprene sheathing has eliminated this trouble. 
ing Cables supply lighting for the various buildings. 


With greatly reduced service interruptions and outages, 
Oxford engineers anticipate substantial reductions in main- 
tenance costs. Other industrial users have had similar expe- 
riences and point out that this type of Okonite-engineered 
cable also gives improved circuit regulation because of lower 
reactance. In addition to its dependability, they value it for 
compactness—to eliminate congestion, reduce clearance prob- 
lems, afford a modern, streamlined appearance—and for econ- 
omy...to save on installation as well as maintenance costs. 


For outdoor or indoor installations, the industrial applica- 
tions of Okolite-Okoprene Self-Supporting Aerial Cables 


DURABLE AND DEPENDABLE—Permanently weather-proof 


with no ring-cutting or lead sheath troubles. Long-lived, offer convincing advantages. These are fully described in 
trouble-free circuits assured. 3/C, 500,000 CM Okolite- : ilable to electrical engineers and com- 
Okoprene 5 Kv Cables distribute power from sub-station a 52-page manual avaliable to 54 

to sulfite mill, beater room and screen room. pany executives. For your copy, send a request on your 


letterhead to The Okonite Company, Passaic, N. J. 


OK © NITE insulated wires and cables 
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ANNOUNCING AT THIS TIME additiorial voltage ratings, a choice of time-current 
characteristics, and other important new features, we remind you that the SMD-2 is a 
modern fuse so far advanced in design that the present concepts of high voltage fuse 
application must be expanded if full advantage is to be taken of the economy inherent — 


in fuse protection of transmission and sub-transmission systems. 


The SMD-2 offers short circuit interrupting capacity many have 


sk FULL COVERAGE PROTECTION IS: the new 


concept of transformer fusing in which: 

@ A primary fuse is applied for both primary 
short circuit and secondary back-up short 
circuit protection. 

@ A fuse is expected to perform dependably 
regardless of type of system; type of fault 
current; type of application; or system and 
atmospheric conditions. 


FULL COVERAGE PROTECTION PROVIDES — 
along with the above protection— 
savings in operating expense by: 

@ Eliminating the need for replacement of 
“suspect” fuses on other phases when one 
fuse blows. 

@ Eliminating the need for periodic replace- 
ment of fuses to prevent “sneak-outs” 
caused by vibration- or age-weakened 
fusible elements. 


FULL COVERAGE PROTECTION REQUIRES: 

@ dependable high and low fault-current 
interrupting ability; 

© protection against dielectric breakdown 
or external flashover from severe recovery 
voltage; 

@ a fine degree of accuracy in time-current 
characteristics; 

© a “non-damageable” fusible element 
which cannot be injured by surge currents, 
vibration, or aging; 

@ a choice of time-current characteristics to 
provide flexibility in coordinating with 
other primary, and with the secondary, 
protective devices. 


VA 
by 


@ 


thought could only be obtained with a circuit breaker; yet it is 
more reliable than a breaker. And the SMD-2 costs so much less 
that economic necessity need no longer compel a choice between 
the expense of a breaker or the often used expedients of solid tie, 
grounding switches, or remote-trip-relay protection, when tapping 
transmission and sub-transmission lines. 


Permanent accuracy of the SMD-2 time-current characteristics 
permit sufficiently close fusing of the transformer bank to get 
back-up protection in case of secondary bus faults or failure of 
secondary protective devices—and this protection is accomplished 
without incurring outages caused by unwanted fuse operations. 


The importance of fusing for secondary protection has been 
demonstrated by field experience which has shown that more than 
half of the operations of fuses thus applied were caused by 
secondary faults that most certainly would have damaged or 
destroyed the transformers. With the SMD-2 this valuable second- 
ary protection is obtained in addition to a full measure of primary 
protection. 


SMD-2 HIGHLIGHTS 


Voltage Range: 34,500 to 138,000, 
Interrupting Ratings: to 1,000,000 KVA, 


In fuses of low ampere ratings, low fault currents are positively 
interrupted by an auxiliary gas-blast arc extinguisher. 


Drop-out release is protected against opening from vibration or shock 
by a floating, self-aligning, latch mechanism. 


Drop-out, when intended, is assured by a powerfully spring driven 
pry out lever, and a “wiping-in, rolling-out” contact design. 

Initial and permanent accuracy of time-current characteristics are 
provided by non-damageable fusible elements. 


For a complete account of this new protective device you should have 
the new Catalog Section 262, now ready. Write for a copy today! 


ELECTRIC COMPAN) 


Formerly SCHWEITZER & CONRAD, INC. 
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4427 Ravenswood Avenue 
Chicago 4O, Illinois, U.S.A. 


1 Canada, 
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all Coverage 


SMD-2 POWER FUSE 


- WRITE FOR 
COPY TODAY! 


Devices, Limited, Toronto 
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that’s really small? 


== 


Write for 


BLUE SHEETS 


on Allegheny Ludium 
Etectrical Materials 


Complete, laboratory- 
certified data on each 


grade—its physical prop- 
erties, electrical charac- 
teristics, uses, methods 
of handling, etc. Write 
for Blue Sheets on the 
materials in which you 
are interested. 


ADDRESS DEPT. E-12 


8A 


When the conditions of service make 
it imperative for you to hold the size 
and weight of magnetic cores at an 
absolute minimum, that’s the place to 
use Permendur. With this material 
you can push the flux density up to 
20 kilogausses, and practically elimi- 
nate weight as a consideration. 

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this 
alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities. 
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How to make a Magnetic Core | | 


STEEL CORPORATION 
Pittsburgh, Pa. 
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ELECTRICAL 
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NOW! 


LIMITAMP 


HIGH-VOLTAGE 
CONTROL 


This G-E Limitamp motor controller with a new 400- 
amp ait-break contactor is pre-engineered, factory 
assembled and tested—with all the control and motor 
protection you need in one steel enclosure. 


Current-limiting EJ-2 fuses provide short-circuit capac- 
ity up to 250,000 kva. Air-break contactors are good 
for millions of operations with only routine mainte- 
nance, so Limitamp control is recommended especially 
for motots on severe duty cycles. Low first cost (only 
$5300** for 2250-hp synchronous motor control) as 
well as continuing savings because of low operating 
and servicing costs, make this an economical buy. 


Available for 2300-volt motors up to 1250 hp, and 
4800-volt motors up to 2250 hp. Ask your nearest G-E 
sales engineer for more information on the new 400- 
amp size, or write for Bulletin GEA-5409 for details 
on G-E Limitamp control. Apparatus Dept., General 
Electric Company, Schenectady 5, N. Y. 


*2500 hp for 1.0 pf synchronous mofors. 
**List price. Subject to change wifhout notice. 


HE FIRST TIME 


for motors up to 2250 hp™ 


Rear view of G-E Limitamp show- 
ing easily inspected, heavy duty 
air-break contactor in lower por- 
tion of cabinet, 


GENERAL (9) ELECTRIC 
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MICROAMPERES 
D.C. 


WESTON 


MODEL 30! 


na es 8 ie Eg le Ae LEM AD jas fa 


‘ 
Wherever an electrical measurement provides essen- 
tial information... whether in the manufacture of _ 
electrical components, the inspection of purchased 
parts or finished products, or in the operation of some ; 
electrical machine . . . far-sighted buyers specify ‘“‘me- . 
r) 


ters by WESTON”. Experienced buyers know that in 
value, and in performance, there is no substitute for 
WESTON instruments. Ask your nearest WESTON rep- 
resentative for all the facts, or write for bulletin A-7-B. 
WESTON Electrical Instrument Corporation, 664 
Frelinghuysen Avenue, Newark 5, New Jersey. 


Albany ¢ Atlanta « Boston » Buffalo e Charlotte « Chicago © Cincinnati « Cleveland © Dallas e Denver e Detroit Houston © Jacksonville * Knoxville 


Little Rock © Los Angeles » Meriden ¢ Minneapolis ¢ Newark ¢ New Orleans © New York e Orlando « Philadelphia © Phoenix » Pittsburgh e Rochester 
San Francisco « Seattle » St. Louis © Syracuse Tulsa Washington, D.C. ° In Canada, Northern Electric Company, Ltd., Powerlite Devices, Ltd. 
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LAMINATED PHENOLIC 


TUBING 


CLEVELITE* 
nd 


COSMALITE* 


. . . a Spirally Laminated Paper Base Phenolic Tubing, Note the endless variety of shapes, 

meet the most exacting requirements of precision equip- sizes, lengths, diameters and wall thick- 

ment of the finest manufacture. nesses shown in even these few samples 
. . » as now being manufactured by us 

You state your needs . . . our laboratories will send for Motors — Relays — Transformers — 

you samples. Fans — Switches — Transmitters — Con- 
trols —Bobbins and almost endless 

Our large production facilities are at your command. other purposes. 

Our low cost quantity prices will surprise you. Immediate What are YOUR 

attention given your inquiry. Requirements? 


*Trade Marks 


UeCLEVELAND CONTAINER GI 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES ot Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N. J. 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


WRITE for our 
Special Folder 
on SPARE PARTS 


and other REPRESENTATIVES 
KAGING NEW YORK AREA T. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. J. 
PACKA NEW ENGLAND _R.S. PETTIGREW & CO., 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 


CANADA WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 
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Simpler OEE 


NEED NO PROTECTION 


fr om 


Cables installed 
underground are exposed to 
moisture to a greater or lesser 
degree. This moisture can cause serious 
trouble to your cables and embarrassing in- 

terruptions in your service. 


Simplex Anhydrex-insulated, neoprene-jacketed ca- 

bles are designed to be installed underground in ducts 
or buried directly in the earth. Exposure to moisture, 
even permanent submersion in water, does not require 
a lead sheath. The low water absorption and high electri- 
cal stability of Anhydrex insulation has been proven by 
years of service. 


Simplex-ANHYDREX Cables have been in service for 
more than fifteen years. In that time NO SIMPLEX- 
ANHYDREX CABLE HAS EVER FAILED FROM 
WATER ABSORPTION. Why trust your distribution 
lines to an insulation that may be less dependable? 


Our extensive experience with low water absorption 
insulations over the years is at your service 
whenever moisture creates a cable problem. 


Simplex Catalog 1013 describes and il- 
lustrates cables insulated with 
Simplex-Anhydrex SA insu- 
lation. Want one? 


SIMPLEX WIRES & CABLES 


SIMPLEX WIRE & CABLE CO. 
79 Sidney St., Cambridge 39, Mass. 


q 
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he 
_ American Continent, isthe 130-mile stretch 
northeast of Vancouver through which 
British Columbia Electric Co., Ltd. built its 
new 230-kv transmission line to the Bridge 
River Hydro plant. Access to most parts 
of the line is so difficult that helicopters 
are used forinspection and patrol... Here’s 
no place to send a service truck for line re- 
pairs. The best way to deal with trouble in 
this territory is not to have it! And, with 
this thought in mind, B. C. Electric obtained 
‘suspension insulators from Canadian Ohio 
Brass Co., Ltd. for this spectacular project. 
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ieldi i erties a (Top) PS Shielding used in conjunction with metallic 
we pee ab ar hea eee tape shielding for higher conductivity and sure pro- 
the insulation, oe tection. 


Three conductor cables with PS Shielding around each 
conductor. Ground wires in the valleys for added con= 
ductivity and strength. PS Shielding tapes coated with 
aluminum are used to identify a conducting tape. 


Who developed PS Shielding? 


1. A thin coating or “skin” of conducting rubber. Research engineers at American Steel & Wire Com- 
pany pioneered in this field many years ago. Since 
then, numerous other companies have been licensed 
to use conducting rubber tapes in electrical cable 


A fibrous tape coated with conducting rubber. construction: 


2. A substantial sheath combining conductivity 
and mechanical protection. 


A conducting paint or cement. 
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RHEOSTATS RESISTORS TAP SWITCHES 


Check these exclusive features 
of L&N Voltage and Power Factor Recorders 


Multiple-Point A-C Voltage Recorder 
With Suppressed Range, Extra Readability 


Wherever highly legible and accurate records of a-c voltage 
are required—for feeder or bus regulation or for control of re- 
active power flow—Micromax and Speedomax instruments offer 
exceptional features: 


|. Suppressed-zero range discards the part of the voltage 
scale that the operator doesn't need to watch, and spreads the 
few volts or kilovolts in which he is interested across the instru- 
ment's entire chart width of 97 inches. Thus for a nominal 
1 15-volt circuit,-you can choose a range of 90 to 130 volts, easily 
readable to !/5 volt. 


2. A single Micromax or Speedomax instrument records 
voltages on as many as sixteen separate feeders—reduces in- 
strument cost because one recorder does the work of several. 
Related voltages can be readily compared on the same chart. 


3. Recorder can be installed remote from the metering point, 
because the instrument is a d-c potentiometer and draws no cur- 
rent from the thermal converter metering element. 


A-C voltage recorder (Speedomax 6-point model 
is shown above) has square-law scale which adds to 
readability at upper portion of range. 


Standard_ranges are supplied for the usual bus, transmission 
and distribution voltages. 


Standard range for strip-chart Micromax Power 
Factor Recorder is 0.5 lead to 0.5 lag. Note legi- 
bility of record on 97 inch wide chart. 


Power Factor Totalized on 3-Phase Feeders 


Industrial power consumers obtain accurate records of power 
factor on 3-phase circuits, by means of Micromax Recorders... 
with these outstanding advantages: 


be 


|. A-single instrument can show the power factor of total load 
on a multiplicity of feeders. Where a number of power lines 
supply a plant's needs, the Micromax instrument measures and 
records power factor of plant load for all purchased power. 


2. The recorder can be located hundreds of féet'from the 
metering point... wherever its information can be utilized most 
effectively. 


Both of these characteristics come from the unique measuring 
method which is employed. The metering device, a standard 
two-element thermal converter, is connected in the three-phase 


iat circuit being measured. The Micromax Recorder is a d-c null- 
UM balance potentiometer calibrated directly in per cent power 
(tg Hl @ factor. To totalize several feeders, the thermal converter outputs 


simply are connected in series and wired to the recorder. 


For further information: write to Leeds & Northrup Co., 4962 
Stenton Avenue, Philadelphia 44, Pa. 


- +s 


MEASURING INSTRUMENTS +» TELEMETERS + AUTOMATIC CONTROLS ¢ HEAT-TREATING FURNACES 


Pees 4 NORTHRUP CO. 
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“Railroad” discovers 


— insulation adds new safety factor for customers 


Report AFTER REPORT from users of 
Quinterra shows that this revolutionary, 
new Johns-Manville purified asbestos 
high-temperature electrical insulation is 
effecting major improvements in trans- 
former design. ; 

And more than that. These reports 
show that manufacturers are not only 
obtaining important sales advantages for 
their electrical products through the use 
of Quinterra ... but they are also saving 


Operations, as well! 


lations. 


Johns-Manville ! 
ELECTRICAL INSULATIONS | 
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time and money in their manufacturing 


This paper-thin, continuous sheet in- 
sulation is being widely used in trans- 
formers and coils. Its lasting dielectric 
strength, due to its resistance to pyrolysis, 
assures a greater safety factor and longer 
operating life. Quinterra withstands sub- 
stantially higher temperatures than the 
hot-spot limit of 130C for Class B insu- 


r Johns-Manville 
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QUINTERRA 
cuts factory rejects 
reduces complaints 
improves production rate 
produces more uniform product 


cuts costs of 
operations 


ss 885 8 


Box 290, New York 16,N. Y. 


Kindly send me a copy of 
Johns-Manville Quinterra Electrical Insulation EL-34A. 


Name 
Company. Position Se 
Address. 
i S— eee 
City a ORT 
19A , 


from now ee eo 


-.. and for thrifty 
SINGLE-FRAME 


recording 


THE DU MONT TYPE 296 


Oscillograph-record Camera 


§ The Type 296 is an inexpensive 
oscillograph-record camera, greatly 
improved for general-purpose appli- 
cation with any standard 5-inch cath- 
ode-ray oscillograph. It incorporates 
a compact, all-metal, 35mm camera, 
calibrated shutter and a high-quality 
{/2.8, 75mm, coated lens which in- 
creases its capability 57% over the 
Type 271-A which it supersedes. Con- 
Struction is rugged and durable; op- 
eration simple and foolproof. The 
Type 296 weighs only 41% lbs. 


PRICE. . .$149.50 
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The oUMDNY TYPE 297 


... with the camera that brings a new speed and 
efficiency to oscillograph-recording techniques 


Oscillograph-record Camera 


> To the many advantages offered by 
the cathode-ray oscillograph in observ- 
ing electrical phenomena in the making, 
there is now added a permanent re- 
cording means. 


Du Mont now offers a complete choice 
of oscillograph-record cameras for 
cathode-ray oscillography. Simplest of 
all in operation is the Du Mont 297 which 
produces a finished print in just 60 sec- 
onds. This camera utilizes the Polaroid- 


SPECIFIC 


LENS—Du Mont-Wollensak {/2.8 or £/1.9, 
75mm, coated. 

SHUTTER — Wollensak Alphax; shutter 
speeds of 1/25, 1/50, 1/100 sec. Time 
and Bulb. 

FOCUS-—Fixed. May be adjusted for spe- 
cial oscillographic work. 

WRITING SPEED—Writing rates of 3.5 in 


usec. have been recorded consistently at 
12,000 volts accelerating potential. 


Land “packaged’’ developing process. 
Once you've snapped the shutter, it's 
self-contained developing process lets 
you forget the troubles and variables of 
the darkroom. 


Regardless of what your electrical spe- 
cialty may be, Du Mont cathode-ray oscil- 
lography can prove of immeasurable 
value in quicker, simpler, better obser- 
vations—plus permanent recordings, 
when desired, 


ATIONS 

PRINT SIZE-—31%4 x 4 4 in.—one, two, 
three, or more exposures per print. 
IMAGE REDUCTION RATIO—2.25:1. 


PHYSICAL SIZE—Length, 145, in.; height. 
10 in.; width, 6 in. 


WEIGHT 12 Ibs, 


PRICE.......: $285.00 with £/2.8 lens 


$355.00 with £/1.9 lens 


Write for bulletin on photographic techniques. 


ALLEN B. DU MONT LABORATORIES, INC., INSTRUMENT DIVISION, 1000 MAIN AVENUE, CLIFTON, NEW JERSEY 
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SILVER 

CONTACT SURFACES 
AT NO INCREASE 
IN PRICE 


POWER CONNECTORS 


SILVER is used exclusively on ai] General Electric 
connectors because it allows power to flow between con- 
ductor and connector with minimum losses, and avoids 
overheating. 


Maintenance is reduced, since there is no troublesome 
copper-oxide formed. Oxide formation causes over- 
heating which in turn hastens oxidation; a vicious cycle 
that may cause the connector to fail. When you use G-E 
connectors with silver contact surfaces, the cycle can’t 
even get started. 


CORRECT MATERIAL for the job is another feature 
assuring you that G-E connectors “run cool.” The com- 
position of the alloy used permits the connectors to carry 
the maximum current of any conductor ... cable, tubing 
or rod .. . without overheating. 


Block Terminal 
Connector 


By using General Electric connectors you’re assured of 
long connector life because of silver contact surfaces and 
correct material for the job—double safeguards against 
oxidation troubles, and they don’t cost you a cent extra. 


CHECK THESE ADDITIONAL FEATURES . . . pea eee 
SERRATED CONTACT SURFACES give high grip 


strength and a permanent, high-conductivity joint that 
will resist vibration and give positive pressure on the 
conductor at all times. , 


Place an order today with your G-E sales 
representative and start realizing the many 


NON-CORRODIBLE HARDWARE is of high-strength benefits to be gained by using General Elec- 
bronze alloy that maintains pressure during long service. tric connectors. Also, write for a copy of pub- 
G-E connectors will not twist, distort, or season crack. lication GEC-400 that contains 40 pages of 

valuable information on G-E connecfors, and 
INTERLOCKING SIDES confine the conductor within see for yourself how easy they are to order. 
the connector enclosure, thus obtaining full advantage Write to Apparatus Dept., Section 856-55, 
of the conductor’s current-carrying capacity. General Electric Company, Schenectady 5, N. Y. 


ELECTRIC 
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VICTOR INSULATOR 
THAT SAVES 
AS IT SERVES 


VICTOR Catalog No. 


Nominal Voltage Rating 
60 cycle dry flashover 
60 cycle wet flashover 
Dry arcing distance 
Leakage distance 
‘Pinhole diameter 
Contilever strength 

RNI (plain) 

RNI (radio-freed) 

1000 KC at applied 


ICTOR 


INSULATORS Inc. 


VICTOR, NEW YORK 


ce 


R EXTRA LONG LIFE! 


Facts—actual performance data obtained from installations 
throughout the country—prove that Vicror transmission pin- 
type insulators retain their original high standards after years and 
years of severe service on the job. This means eztra years of 
trouble-free insulator service. 

The extra service-years you get in every Victor pintype 
insulator are a result of such built-in features as: Construction of 
the best high voltage porcelain, a rugged, self-cleaning design, and 
a special “cushion” coating at the joining surfaces that eliminates 
problems caused by thermal expansion. 


Reap the benefits of long, dependable service—standardize on 
Victor transmission pintype insulators. 


For more information consult our new Condensed Catalog No. 4, 
write us, or call your VICTOR representative. 


Look for this 
trade mark of 
enduring service 


22A Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1950 


we La oe | ee ae 


RS eS ee 


Quiet Neighborhoods 


How to Beat Transformer Noise — 
That's The Problem Allis-Chalmers 


Engineers Are Tackling In Their 
Pittsburgh Sound Laboratory 


de DEMAND FOR quieter transformers is 
stronger than ever before. Larger rated trans- 
formers are moving into residential areas as distribu- 
tion systems grow up. That’s why holding customer 
good will depends more and more on keeping trans- 
former sound level low. 

What is Allis-Chalmers doing about sound level? 
In cooperation with sound experts, Allis-Chalmers 
engineers are conducting reseatch on new electrical 
core steels in an effort to reduce magneto-striction 
and resonance. They’re testing effects of clamping 


pressures, core impregnation and anchoring of core 
and coil assembly. Their laboratory is specially 
equipped for sound level experiments. 

What will be the result? Transformers that create 
good will. Research, engineering and production are 
teaming up at Allis-Chalmers to give you a trans- 
former that is truly a good neighbor. 

For details on Allis-Chalmers transformers contact 
your nearby A-C sales office or write for bulletins: 


Bulletin 61B7309A — ACP (Allis-Chalmers self- 
protected) distribution transformers. 


Bulletin 01B6168B — Complete A-C power and dis- 
tribution line. 


Bulletin 61B6014A — Substation transformers, 50 


to 500 kva, M3170 
ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


ACP (Allis-Chalmers Protected) is an Allis-Chalmers trademark, 


ALLIS-CHALMERS 
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A 1000 kva power transformer ready fo re- 
ceive sound level tests in Allis-Chalmers Pitts- 
bursh Works sound laboratory. Laboratory 
walls of concrete, glass wool and acoustical 
tile exclude 99.98% of exterior noise power, 


Here a distribution transformer is. getting 
sound and harmonic analysis. Physical noise 
level and harmonic index are new tools to 
_ measure sound energy. Transformer designs, 
in addition, are tested in accordance with 
ASA and NEMA standards, 
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New Sylvania 
instrument speeds 
tracing of receiving 
tube curves 


Families of characteristic curves of 
electronic tubes, complete with all hori- 
zontal and vertical graph lines, are 
automatically traced on a cathode ray tube 
face and photographed with this new 
Sylvania-engineered equipment. 


Precise calibration is assured by 
automatic compensation for circuit non- 
linearities and tracing errors. 


Rapid operation yields accurate 
data even in regions of high current 
operation as encountered in Class C 
and pulse applications. This in- 
strument, result of years of Sylvania 
development and research, provides 
tube engineers with more accurate 
evaluation of new designs. Radio 
and television circuit designers 

gain from it better application 

data over a wider range of 

applied voltages. 


; 
: 
' 


ae 


SS ee 


It marks one more Sylvania 
advance toward better product entVes for 
performance —better 

design —bhetter service. 


SYLVANIA 
ELECTRIC 


ELECTRONIC DEVICES; RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS: PHOTOLAMPS; TELEVISION SETS: 


———— ee 
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Remarkable new compactness in precision control 


The extreme compactness of the new Type 1623 Motor- 
Driven Induction Generator has been achieved with no sac- 
rifice of general performance characteristics. Like its “bigger 
brothers” in the Kollsman line, the Type 1623 combines, in 
a single frame, motors of high torque/inertia ratio with 
generators offering /inear voltage vs. speed over a wide range. 


Where size and weight are prime considerations, this 4.2- 
ounce unit will prove the solution to many precision control 
problems. Separate induction motors and generators are also 
available in the same diameter frame. 


For further information on the 1623 and others in the 
complete Kollsman group of miniature special purpose AC 
motors—or if you require a unit to your own specifications— 
write: Kollsman Instrument Division, Square D Company, 
80-08 45th Avenue, Elmhurst, N. Y. 


Type 1623 Motor-Driven 
Induction Generator 


Motor characteristics: Maximum torque at stall— 
smooth-running (will not “cog” )—fast-reversing— 
operates from two-phase source, or from single-phase 
with phase-shifting condenser—available for 60 or 400 
cycle operation. 


Generator characteristics: Low residual voltage and 
voltage “spread”—constant frequency output—amplitude 
directly proportional to speed. 


Unit characteristics: Both rotors mounted on same 
shaft, assuring positive alignment—stainless steel hous- 
ing—hardened beryllium copper shaft—corrosion- 
resistant nickel steel laminations—high temperature 
insulation (up to 200° C. total temperature) — stainless 
steel precision ball bearings — weight: 4.2 ounces. 


KOLLSMAN INSTRUMENT DIVISION 


SQUARE 


ELMHURST, NEW YORK 


D 


COMPANY 


GLENDALE, CALIFORNIA 
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Another ASCA Improvement 


clay 1880 


BUILT BY BETA 


FOR A PROMINENT CABLE 
& WIRE MANUFACTURER* 


... featuring a unique 
combination of 
polarized relays 

with time delay 

for D-C Service 


0—135 KV DCE 


High voltage (+) # 
or(—)to ground § 


100 MA available # 
at 135 KV; 250 
MA available be- 
low 100 KV 


each relay will re- 
spond to only one 
polarity and on mo- 
mentary loss of volt- 
age the energized 
relay does not move. 


with sustained cur- 
rent off the relays 
are in open contact 
position. 


Thorough shop tests indicate that these latest ASCO 
polarized relays with time delay feature are definitely 
superior to any of those previously made. The glass cover 
is a feature which will appeal particularly to utilities. 
Delay Timing for this Relay is similar to that of Bulletin 
1054-188S announced last spring—at any point from '/ 
to 3 seconds, predetermined and set at the factory. It’s a 
magnetically held Relay without dashpot, motors or other 
moving parts in the time element. It is rated at 25 amperes 
and embodies utility power construction. 

This unit typifies what can be done with the ASCO Time 
Delay Relay. Our engineers will be glad to discuss its 
values in relation to your requirements along these lines. 


Ripple less than 1% # 


Stablized output 


voltage + 1%9 
against line voltage & 
and load current 
changes. 


relays are mechani- 
cally interlocked, 


glass-enclosed, 


Automatic Switch Co. 


385-E Lakeside Avenue Orange, New Jersey 


Adjustable rate of 
rise of voltage: 2 


to 10 KV perf 
second 


Automatic 
Transfer 
Switches 


Remote Control Many other con- 


trol and metering 
features. Entire unit 
on swivel casters. 


Switches 
Contactors 


We also manufacture a complete line of Solenoid Operated Wena 
y 


Valves for Automatic and Remote Control of Liquids and Gases. 


Model 219 control cabinet 
(high voltage tank not shown) 


BETA High Voltage Cable Tester 


This high voltage cable tester was built 
to provide safe, reliable and convenient 
source of very high voltage DC for power 
cable testing. Multiple range meters, 
protected on all ranges, allow for accurate 
insulation resistance characteristic 


They take punishment and like it—these 
one-piece, pure copper lugs which afford 
brute strength without excessive weight, 
silver-plated for top performance. 


LO 
SOLDERLESS 
LUGS 


Average 50% COOLER 


than “Ordinary” lugs 
(Underwrilers’ approved) 


Maximum wiring space where space-say- 
ing is paramount. 100% reusable, no loss. 
Wire sizes from 14# to 600,000 cm.; easy 
to install with ordinary tools. Cost is 
much lower than coarse, bulkier cast lugs, 
although superior in performance. 

5743 MARIEMONT AVE. 


ILSCO COPPER TUBE & PRODUCTS, INC. 


NOR AS RAW M227 6 
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measurements over a very wide range of 
resistance values. 
*name given upon request 


SPECIALIZING IN HIGH 
VOLTAGE EQUIPMENT 


The Beta Electric Corporation special- 
izes in the design and construction of high 
voltage equipment like the cable tester 
described above. These units are built 
for the client’s application, to the client’s 
specifications. Beta also builds a standard 
line of high voltage power supplies up to 
30 KV, portable projection oscilloscopes, 
and kilovoltmeters. Beta stresses good 
design and construction, which make for 
efficient equipment, ease of operation, low 
maintenance costs, fast delivery, and 
low prices. 


Field Engineer Service 


Beta field engineers through- 
out the country are at your servy- 
ice to discuss high voltage 
applications and equipment. 


PHONE OR WRITE TODAY! 


BETA 


ELECTRIC CORP. 
\ 333 E. 103 St., New York 29, N. Y. 
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Maybe Stackpole’s 
WELDING OF THE “UNWELDABLE” 


can save you money 
»+..increase your 
product efficiency 


A unique new process makes it just as practical to 
weld carbon to metal as it is to weld metal to metal 
in most cases. Thus, by joining this heretofore un- 
wettable refractory material with metal supports, you 
Carbon contacts or gain all the advantages of carbon for contacts, small 
brushes welded to metal sine : ° 
Grieisupnads orhekiar. brushes, friction devices and other purposes—while 

eliminating costly fixtures formerly necessary in bolting 
and clamping them in place. 


For example, this new method permits welding 
carbon contacts directly to metal arms. Carbon 
brushes can be soldered to phosphor bronze or 
beryllium copper leaf springs. Brush holders and 
Carbon welded to shunts are eliminated. Equipment design is simplified. 
phosphor bronze or 


beryllium copper leaf spring. Carbon friction discs can be silver soldered directly 
to metal backing plates and so on. 


Frankly we have not yet uncovered all the many 
jobs where this unique carbon-to-metal welding 
process can be applied. Minor limitations apply in 
some cases but these are seldom much of a factor. 
Stackpole engineers welcome the opportunity to co- 
operate on any problem where the method might 
pave the way to a worthwhile cost saving for your 


product, or an increase in its efficiency. 


STACKPOLE CARBON COMPANY 
ST. MARYS, PA. 


Carbon welded to metal plate 
for friction drive. 


EVERYTHING IN CARBON DIAMON DS 
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musual combinations of characteristies 
required in today’s critical electronic circuits 
demand a complete range of resistor types 
Specializing in resistors, IRC makes the 
widest line in the industry. This means 

ease of procurement—a single dependable 
source of supply for all your resistance 
needs. It also means unbiased 

—— recommendations—no substitution of 

2 Sal Boss : units “just as good”. IRC’s complete line 
e< | << of products; complete research and testing 
facilities; complete network of licensees 
for emergency production—all add 

up to complete satisfaction for you. 


PRECISION RESISTORS 


IRC Precision Wire Wounds offer a fine balance € 
accuracy and dependability for close-toleranc 
applications. Extensively used by leading instr 
ment makers, they excel in every significant chara 
teristic, Catalog Bulletin D-1, 


IRC Deposited Carbon PRECISTORS combine ace 
racy and economy for close-tolerance application 
where carbon compositions are unsuitable an 
wire-wound precisions too expensive. Cotalo 
Bulletin 8-4. 


CONTROLS 


- 


IRC Type W Wire Wound Controls 


are designed for long, dependable 
service and balanced performance 
in every characteristic. These 2-watt 
variable wire wound units provide 
maximum adaptability fo most rheo- 
stat and potentiometer applications 
within their power rating. Catalog 
Bulletin A-2, 


IRC Matched Pairs provide o dependable lov 
cost solution to close-tolerance requirements. Bo 
Type BI and BW Resistors are available 
matched pairs. Catalog Bulletin B-3. 

IRC New Type Q Controls feature 
small '5/6'' size, rugged construction 
and superior performance, Increased 


IRC Sealed Precision Voltmeter Multipliers are su 
able and dependable for use under the mo 
are of rotation permits same resis- severe humidify conditions. Each consists of sever 
tance ratios successful in larger IRC ; IRC Precisions mounted and interconnected, encase 
Controls. Catalog Bulletin A-4, in a glazed ceramic tube. Catalog Bulletin D- 


INSULATED COMPOSITION 


and WIRE WOUND RESISTORS 


IRC Advanced Type BT Resistors 
meet and beat JAN-R-1]} Specifi- 
cations at 3, 2,1 and 2 watts— 
combine extremely low operating 
temperature with excellent power 
dissipation. Catalog Bulletin B-1. 


IRC Type BW Wire Wound Resistors 


ore exceptionally stable, inex- 
pensive units for low range re- 
quirements. Have excellent per- 
formance records in TV circuits, 
meters, analyzers, etc. Catalog 
Bulletin B-5. 


{RC Type BIAV High Voltage 


Resistors, developed for use as 
discharge resistors in fluorescent “Quick Start” 
ballasts, withstand momentary peak surge 
of 6000 volts. Also suited to TV bleeder 
circuits, Catalog Bulletin B-1. 


HIGH FREQUENCY and 
HIGH eee RESISTORS 


IRC Type MP High Frequency 


Resistors afford stability with low 
inherent inductance and capacity 
in circuits involving steep wave 
fronts, high frequency measuring 
circuits and radar pulse equip- 
ment. Available in sizes from 4 
to 90 watts. Catalog Bulletin F-1. 


Type MV High Voltage Resistors 
utilize IRC’s famous filament re- 
sistance coating in helical turns on 
@ ceramic tube to provide a con- 
ducting path of long, effective 
length. Result: Exceptional sta- 
bility even in very high 
resistance values. Cata- 
log Bulletin G-1. 


IRC Type MVX High Ohmic, High 
Voltage Resistors meet require- 
ments for a small high 
range unit with axial 
leads. Engineered for 
high voltage applications, MVX 
has exceptional stability. Catalog 
Bulletin G-2. 


IRC Type MPM High Frequency Resistors are miniature units 
suitable for high frequency receiver and similar applications. 
Stable resistors with low inherent inductance and capacity. 
Body only % long. Catalog Bulletin F-I. 


‘initial cost, lower 
ing cost flexibility in provid 
ace. Com: 


Uflonover the Cinowit, Says ~VWr- 

Power Resistors ® Voltmeter Multipliers 

# Insulated Composition Resistors *° Low 
Wattage Wire Wounds ® Volume 
Controls * Voltage Dividers ® Precision 
Wire Wounds ® Deposited Carbon 
Precistors © Ultra-HF and High 
Volfage Resistors ® Insulated Chokes 


INTERNATIONAL RESISTANCE CO. 
411 N. BROAD ST., PHILADELPHIA 8, PA. 


5 Bulletin A-2 (W) 
77 Bulletin A-4 (Q) 
~) Bulletin B-1 (BT) 
—) Bulletin B-1 (BTAY) 
> Bulletin B-2 (MW) 
7] Bulletin B-3 (M/P) 


Bulletin B-4 (DC) 
Bulletin B-5 (BW) 
Bulletin C-1 (FRW) 
Bulletin C-2 (PWW) 
Bulletin. D-1 (WW) 
Bulletin D-2 (MF) 


Bulletin F-1 (MP) 
Bulletin F-1 (MPM) 
Bulletin F-2 (LP) 
Bulletin G-1 (MV) 
Bulletin G-2 (MYX) 


BEAIAEY oder voticl 2 oh Ba toca tice ee a 
NATE rods: doe. hw ee ee ee 
INTERNATIONAL 
RESISTANCE COMPANY COMPANY 5.0. << ocak Stara uteis) alls brs lets areata elton: acco od er 
PHILADELPHIA 8, PENNSYLVANIA SIRES Pozo soa cessaisiw cuales Cas pec ee ae 
ie Conadar Inersational Resiionse: TS Panye iy eee a ee ZONE...... STATE: Miaucnee 


Lid., Toronto, Licensee 
J. F, ARNDT &@ CO., ADV. AGENCY 
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mu 
TT 
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SYVTRON 
SELENIUM 


RECTIFIERS 


I 


offers 
this wide experience in 
vibrator converter design 


Here are three C-D designed Converters of widely 


divergent characteristics. Each was developed to meet the specific need 
of a Cornell-Dubilier customer. The Converter you need may be a 
—jin stacks, or single 
cells for customer assembly. 


far cry from any of the types shown here. But the same skill and 
experience used in developing these designs can be turned on your 
Made by a new process 
to a uniform, high quality 
for continuous, heavy-duty 
service. ; 


needs. Whether it is a fathometer, microwave apparatus, or office 
equipment, our engineers will be glad to discuss your problem. 


MODEL 3212 VIBRATOR CONVERTER 


input: 12 volts D-C, 


output: 115 volts 60-cycle sine wave A-C with voltage and 
load regulation. Max, power: 175 volt amperes, 


Write for literature 


SYNTRON COMPANY 
440 Lexington, Homer City, Pa. 


application: For vehicles with 12-volt systems '(cabooses, busses, 
trucks, etc. carrying communications equipment, 
wire reproducing equipment, fluorescent or neon 
lights, that require 115 v., 60-cycle’ sine wave 
A-C for operation. 
features: Exclusive C-D voltage regulating circuit permits 
é only slight variations in output voltage for wide 
variations of input voltage or load. Two vibrators, 
with automatic switch-over from service vibrator 


to standby vibrator. DIRECT READING 
MODEL 3210 HEAVY-DUTY CONVERTER 1 MEGOHM 

input: ie yas Sicha (normal range from 95 to UP TO 2 MILLION 
output: 115 volts 60-cycle A-C Max. power: 375 volt am- MEGOHMS 


peres (continuous). 

application: Railroad or marine service. For 2-way radio com- 
munication, radar, and other types of radio equip- 
ment, 


features: Exclusive C-D voltage regulating circuit. Automatic 
standby-vibrator switch-over. Electrical components 
have high safety factor for long life. Designed for 
vertical or horizontal mounting. 


MODEL 110 RT 15 


input: 115 volts D-C, 
output: 115 volts A-C, 60-cycle. 
application: For wire recorders. 


features: Sine wave regulated; automatic starting; input 
line filtering. 


Many stock models are shown in Catalog No. 410, available from: ME G oO H MME T ER 


CORNELL-DUBILIER ELECTRIC CORPORATION, 2900 Columbia Ave., 
Indianapolis, Indiana. Other plants in South Plainfield, New Jersey; A self contained, AC operated megohm- 
New Bedford, Brookline and Worcester, Massachusetts; Providence, meter with clectron aly = on saa 


ae lt ies. 
Rhode Island; and subsidiary, The Radiart Corp., Cleveland, Ohio. voltage supplies. Measures the leakage 
megohms in six overlapping ranges. Volt- 
SUBSIDIARY Dept. DG 1718 WEIRFIELD ST., 


resistance of insulating materials, con- 
CORNELL-DUBILIER “ee 
A GREAT NAME IN CAPACITORS — A GREAT NAME IN CONVERTERS laababatar etl anchcerh stadia PLY) 2 nd I 


densers, cables, motor and windings. 
Has a range of 1 megohm to 2,000,000 
VIBRATOR CONVERTERS », Send for the new Freed Catalog 
Bye oe yt e | FREED TRANSFORMER CO., INC. 


1910 1950 
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Testing for sound lost between 
telephone receiver and ear. Many 
subjects were used in these tests. 


How to compensate for 
a curl... and add to 


your telephone value 


Bell scientists know that the telephone is 
not used under ideal laboratory conditions. 
There is never a perfect seal between re- 
ceiver and user’s ear. A curl may get in 
the way, or the hand relax a trifle. And 
ears come in many shapes and sizes. So 
some sound escapes. 


Now, sound costs money. To deliver more 
of it to your ear means bigger wires, more 
amplifiers. So Bell Laboratories engineers, 
intent on a thrifty telephone plant, must 
know how much sound reaches the ear, 
how much leaks away. They mounted a 
narrow “sampling tube” on an ordinary 


Automatic recorder plots sound pressures developed in 
the ear canal at different frequencies. 


DECEMBER 1950 


handset. The tube extended through the 
receiver cap into the ear canal. As sounds 
of many frequencies were sent through the 
receiver, the tube picked up a portion, and 
sent it through a condenser microphone to 
an amplifier. That sampling showed what 
the ear received. 


As a result, Bell scientists can compen- 
sate in advance for sound losses—build re- 
ceivers that give enough sound, yet with 
no waste. That makes telephone listening 
always easy and pleasant. 


It’s another example of the way Bell 
Telephone Laboratories work to keep your 
telephone service one of today’s biggest 
bargains. 


BELL 
ia Leb. PeUsC ane 
LABORATORIES 


Working continually to keep your telephone 
service big in value and low in cost. 
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-for electrical control applications 


is KIRK“ BLUM 


FOR SHEET METAL ENCLOSURES 


If you need an enclosure for one, two or 
three instruments, or hundreds of instruments, 
call on KIRK & BLUM for fast, accurate fab- 
rication. The photo above shows a typical 
large installation. Almost 100 instruments 
and controls are visible in this installation in 
a major refinery. 


KIRK & BLUM is equipped and experi- 
enced to fabricate one unit or hundreds, 
specializing in custom-built parts and assem- 
blies of sheet steel, light plate, stainless, alu- 
minum, monel and other alloys in gauges 34” 
and lighter. 


For more detailed information, write now 
for your free copy of the NEW Kirk & Blum 
Electrical Enclosures booklet. 


® Control Desks © Cubicles ©® Electrical Cabinets 
& Enclosures 


® Power Distribution & Control Panels © Switch 
Gear Housings 


Boiler, Generator & Turbine Control Plants 
Louvres 

Test Stands, Controls & Desks ® Instrument Panels 
Outdoor Electrical Enclosures 


® Transformer Tanks 
@. . .. and other Fabricated Products 


For prompt quotation, send prints to: 


THE KIRK & BLUM MFG. CO. 
2904 Spring Grove Ave. Cincinnati 25, Ohio 


KIRK’ ALUM 


IF YOU NEED 


PORCELAIN INSULATORS 
LIKE THIS 


WE KNOW HOW 
TO MAKE THEM! 


This insulator, with overall dimensions of 6% inches 
by 4% inches by 21%6 inches conceals under its 
smooth exterior, some difficult molding problems. 
As the photos show there is a 1%e inch skirt. Above 
this the body carries a rectangular, tapered socket, 
2%, inch deep, four post holes and two through 
holes. Long experience in solving such intricate de- 
sign problems enabled Universal engineers to suc- 
cessfully reproduce this piece to extremely close 
tolerances with each piece of uniform density. A 
Universal engineer will be glad to work with you. 


me UNIVERSAL 


1560 EAST FIRST STREET 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 


SESE 0: 


MIcKERS 


educational 
magnetic amplifier 


For School Laboratory 
Experiments and Lecture Demonstrations 


Designed by Vickers to help students obtain a wider knowl- 
edge of the characteristics and applications of high-per- 
formance self-saturating magnetic amplifiers. 


© Permits study of all three basic single phase self-saturat- 
ing circuits. 


®@ Can actually be used in operating controls circuits. 
@ Gives d-c or a-c output, uses d-c of a-¢ control power. 


INCLUDED WITH EACH UNIT—Magnetic Amplifier Labora- 
tory Manuals and Magnetic Amplifier Design Handbooks. 


Write for information and price. 


VICES ie 
1805 LOCUST STREET + ST. LOUIS 3, MISSOURI 
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NSTANT, POSITIVE CONTACT OPEN- 

ING under all conditions is as- 
sured with FZO-151 breakers. The 
reason is Allis-Chalmers mechani- 
cally trip-free pneumatic operator. 
In case of a fault, the operator is 
effectively uncoupled from contact 
mechanism by means of a positive 
mechanical linkage. Contacts open 
independent of valve operation or 
cylinder back pressures . . . there's 
nothing to hinder instant tripping. 

Positive operation is further as- 
sured with simple, single-break 
Ruptor interrupting device that ex- 


Ruptor is an Allis-Chalmers trademark 


ALLIS-CHALMERS “~ 


WM ERUPT , - 9N 


riser 


tinguishes arc without use of un- 
necessary moving parts that may 
bind or fail. Self-cleaning action of 
bayonet-type moving contacts pre- 
vents formation of high resistance 
oxides. Low inertia pole unit mech- 
anism of straight line motion type 
gives high speed interruption with 
low arc energy release. 

Complete factory test data accom- 
panies every breaker. For details on 
Allis-Chalmers breakers for any util- 
ity need, contact your A-C sales office. 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


£ é 
y 


wa, 
> 
ra @ 


NR ais counts 


Te 


assures positive tri P pin i 


wines: eycle wiecen a m raquicdal for 
low are energy release 


factory assembled, 


peed atl ae p ped without dismantling. 


~ STANDARD RATINGS 


(8 cycle interruption) 


rad 

a 

- 

2 | 
a 


Rated amp. | KVA Interrupt- 

KV | 60 cycle | ing Capacity 

J 
| 69 | 600 | — 1,000,000 

| «69 | 1200 | 1,500,000 | 
| Comat 1200 | 2,500,000 
) Oot 2000 ) 3,500,000. ) 
i os d : ; 


GET NEW BULLETIN 
71B7045 for ratings, dimen 


> sions and details of construction 


” of type FZO-151 breakers, 
A-3073 
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400 MC 


Commercial equivalent of 15-587/U. Commercial equivalent of AN/URM-6. ; : 
Sensitivity °§ two-terminal voltmeter, (75 ohms balanced) A new achievement in sensitivity! Field intensity measure: é 
2 microvolts 15-125 MC; 5 microvolts 838-400 MC. Field ments, | microvolt-per-meter using rod: 10 microvolts-per 
intensity measurements using calibrated dipole. Frequency meter using shielded directive 'ooP- As two-terminal volt- 
a Fange includes FM and TY Bands. meter, 1 microvolt. 
yt ! 
375 MC. 
to. 
po 508 
Commercial equivalent of AN/PRM-1. 
Self-containe batteries. A.c. supply optional. Sensitivity o$ Commercial equivalent of AN/URM-17- 
two-terminal voltmeter, | microvolt. Field intensity with ¥2 Sensitivity oS two-terminal voltmeter, (50-ohm coaxial input) 
meter rod antenna, microvolts-per-meter; rotatable loop 10 microvolts. Field intensity measurements using calibrated 7 
supplied. Includes standard broadcast band, radio range dipole. frequency range includes Citizens Band an 
WWVY, and communications frequencies. color TV Band. 
Since 1944 Stoddart RI-FI* instruments hdve established the The rugged and reliable instruments illustrated above serve F 
standard for superior quality and unexcelled performance. equally well in field or laboratory- Individually calibrated 
These instruments fully comply with test equipment require: for consistent results using internal standard of reference 
ments of such radio interference specifications as JAN-1-225, Meter scales marked in microvolts and DB above one microvolt. 
ASA C63.2, 16E4(SHIPS), AN-1-24a, AN-1-42, AN-1-27a, AN-1-40 Function selector enables measurement of sinusoidal or complex 
and others. Many of these specifications were written of Fe- waveforms, giving average, peak: oF quasi-peak values. 
vised to the standards of performance demonstrated in Accessories provide means for measuring either conducte : 
Stoddart equipment. or radiated rf. voltages. Graphic recorder available. i 
nce and Field Intensity- _ 
§ 


*Radio Interfere 


Precision Attenuation for UHF ! 


less than 1.2 
Turret ee eee to 3000 MC. 


STODDAR 

T AIRC 

6644 SANT Tarcieiace oo ar ,10, 20, 30 

TA MONICA BLVD, HOLLYWOOD 38; Cz Be, Accuracy t 5 mot 


° . 
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Mica-Glas, which is built up of hand-laid premium 
mica with glass cloth backing, has high dielectric 
strength, is resistant to heat and impervious to 
moisture. 

With either long-life synthetic resin or silicone 
bonding, it is available in sheets, rolls and tape, in 
standard thicknesses and 


ness. Bond content, dielectric strength, slippage 
and other characteristics are very carefully 
checked during manufacture and as a final 


inspection before shipment. 


value, National impregnates the glass cloth in a 

National-designed coating tower which meters and 

cures the varnish with uniform accuracy. Mica split- 

tings are applied under close control and are 

bonded tenaciously to the glass cloth. When you 

use Mica-Glas you know your electric windings are 
using the best. 


widths. In addition, Mica-Glas — NATIONAL Use Mica-Glas, and other Na- 


can be obtained in .0035” 
thickness—ideal where a min- 
imum of space is available, and 
for turns of small radius. 

To insure uniform insulation 


* COLUMBUS 16, 


ELECTRICAL ENGINEERS MAKERS oF 
ELECTRICAL COILS AND INSULATION— 


NATIONAL FLECTRIC (COIL (OMPANY 
oN 


tional insulation, for known high 
value. Some of the world's 
largest manufacturers of elec- 
trical equipment standardize 


TRADE MARK : on it. 


OHIO, U. S. A. 


RECESIGNIRNG AND REFAIRING OF 
ROTATING ELECTRICAL MACHINES 
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in the illustration above, Mica-Glas is being = 
visually inspected and gauged for correct thick. _ 
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FROM THE 


SMALLEST 


TO THE 


LARGEST 


Flydientic turbines in all sizes, using either 
Francis or propeller type runners, have been built 
at Newport News for use throughout the United 
States and many parts of the world. 

Shown above are: one using a 16¥/2-inch runner 
in a cast iron spiral casing and another using a 
238Y2-inch runner in a riveted steel plate spiral 
casing. 

Newport News built hydraulic turbines, aggre- 


500 Horsepower— 
83-foot Head 


57,000 Horsepower 
81-foot Head 


gating a rated output of more than 5,900,000 
horsepower, have been furnished for such plants as 
Grand Coulee, Hoover, Norris, Wilson, Dniep- 
stroy, and many others. Hydraulic turbine work 
now in progress at Newport News is in excess of 
1,000,000 horsepower. Inquiries are invited. 


"Water Power Equipment’ booklet sent upon 
request. 


ae Be 


af 


a we re 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK Co. 
Ne Epa Ps On Ral NEW S ViRGtkINIA 
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A es Low Voltage Metal Enclosed Switch- 
gear provides maximum protection to electrical 
circuits and equipment: first, by the performance of the 
circuit breaker ; second, by the extra switchgear features. 

Heart of your switchgear is the circuit breaker. That’s 
why you want best performance from it. Type G-25 and 
G-50 circuit breakers give balanced operation, quick arc 
interruption and wide current carrying range. They are 
insensitive to shock and vibration. Arcing contacts fitted 
with silver-tungsten tips resist arc erosion and mechanical 
wear. Breakers of same rating are interchangeable. 

Proper coordination of complete switchgear design 
provides ease of operation and maintenance. A self- 
aligning race ba arrangement for circuit breaker 
withdrawal holds breaker rigidly at any position. You 
can test the breaker in the disconnect position inside 
the switchgear unit. Safety features equal or exceed 
NEMA and ASA standards, Entire structure is grounded 
to insure safety of personnel. 

To make the switchgear rigid the structure is jig 
welded with lap joints of all steel channels and angles. 
Surfaces are treated to resist corrosion, then given a 
lasting paint finish. Standardized designs are rated up 
to 600 volts ac and 250 volts dc. 

For more information see your local A-C sales office 
or write direct.for bulletin 18B6376A. A-3198 


INSIDE AND OUT! 


Low Voltage Air Breakers 
Used on systems up to 600 
volts ac or 250 volts de, Man- 
val or electrical operation. 
For protection of lighting 
loads, transformers or motors. 


= 


Pantograph Drawout 
A simple and effective way 
of withdrawing Low Voltage 
breakers. Screw mechanism 
actuated by crank handle 
opens and closes pantograph. 


Single Bus Design 
Single main bus risers to cir- 
cuit breakers in 2 or 3 high 
units, eliminates bus transition 
units. Gives more room for 
incoming cables. 


Wall Mounted Breakers 
Spot your protection where it 
is needed. Steel enclosure for 
breaker has dead front con- 
struction; dust-tight and weath- 
er proof, 


ALLIS-CHALMERS, 931A $O. 70 ST. 


MILWAUKEE, WIS. 


ALLIS-CHALMERS 
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PROTECTS 
THE 
LONG LIFE 
INHERENT 
IN KERITE 
CABLE 


HE EXCELLENCE that is designed 
| ee built into Kerite Cable is 
protected by great care in handling 
at all times. 


Unusual precaution and care 
in all stages of manufacture, con- 
stant checking and rechecking, 
sound methods of preparation for 
shipment .. . all make certain that 
Kerite’s quality is preserved for the 
ultimate user. 


Fine engineering, conscientious 
workmanship, and proper handling 
combine to protect the long life that is 
inherent in all Kerite Insulated Cable. 


Kerite engineers will be glad to 
help you with your cable problems, 
whatever they may be. 

THE KERITE COMPANY, 

30 Church Street, New York 7, N. Y. 
Offices also at 122 S. Michigan 
Avenue, Chicago; 582 Market Street, 
San Francisco; 714 W. Olympic 


Blvd., Los Angeles. 
(AY) 
OS) 
is) 3 ks) 
) S 
SOO 
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Kerite Insulation — Your Cable’s Best Life Insurance 


KERITE CABLE 


enerators* 
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11 of the 16 largest turbine- 
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ISOLATED 
PHASE 
BUS RUNS 


E General Electric isolated-phase bus runs are dust- 
oni and weathertight, and maintenance costs are thus 


BECAUS 


reduced. 
BECAUSE the gasketed, hinged covers can be opened from 


either side. This feature cuts inspection time and costs by 
allowing access to the interior of the run from the most 
convenient position. Cover lugs release the cover without 
removal of bolts. The cover is swung open on either one 
of two sets of hinges. 


RATINGS 
15 and 23 kv 
1200 to 7000 amperes 


BECAUSE you receive G-E isolated-phase bus runs com- 
pletely assembled as a three-phase package, including run- 
ning ground bus. They are installed in a short time at 


has lower predictable costs. 


G-E Sales 
complete information 


Your ,Representative 


about isolated- 


phase bus runs. Ask him for a copy 
of GEA-5450, a 28-page publication 
that will aid you in planning your bus 
runs, or write to Apparatus Department, 


BECAUSE you have one source of responsibility when you 
order from General Electric—complete co-ordination be- 
tween planning, engineering, manufacturing, and service 
facilities to give maximum savings efficiency to the 


General Electric Company, Schenectady 5, customer. 


New York. *Installed and planned, rated 6000 amperes and over. 


= 


i is VN EIA SOAS EL Ea 
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Here’s why those in the know 


uaued CANNON 


Rigid mounting for both plug and receptacle 


Tapered shell design centers to engage contacts 
automatically. 


High-voltage contact—7000 volts, 60-cycle, 
AC peak on special order. 


MULTIKOLOR 
PENCIL 


Riga 


actual 


size 


No finer gift than Norma. 
Jewelry crafted, precision- 
engineered. Guaranteed 
for mechanical perfec- 
i iatel 
Coaxial contact. Inspection door, now tion, “Appropriately 
open, snaps closed, giving constant | (ET oCrmmacu $4.50 
impedence. Twinax contacts available. up—at all the 
better stores. 
Hand-tinning keeps solder inside cups. 


All contacts, precision-machined from solid 
bar stock, electroplated with silver or gold. 


Socket contacts are full-floating—turn through 
3600, Quick, self-centering —eases inspection. 


Highly legible contact numbers on insert faces. ° 


Inserts of latest approved high dielectric materials. ; 
ENGINEERS find Norma 
y indispensable for speeding work 
on blueprints, plans, schedules, 
etc. .. . Yellow may be substi- 
tuted for any color on request. 


Your requirements are responsible 
for the 8 to 10 design advantages 
found in each type of Cannon Plug. Insert arrangements are availablewith 
Th at’s why en ai eers kn ow th e spe- 2 to 45 contacts ranging from 15 amp 


: . . : : te 200 amp capacity. Continuous shield- we |l Write for new booklet giving 
cification is right when it calls for _ ing available im Coaxial and Twinax. Gre th for 4:cotn 


ae, and bonding ... tin plating on alumi- 
is just one of many Cannon types _ num: Other finishes available on 


— world’s most complete line. Re- *P°“#! reauest. 
quest bulletins by required type or 
describe connector service you need. 


Norma Penctls; no obligation. 


ee ee Fj pe 
I NORMA PENCIL CORP., Norma Building EEQ g 
C A a ay re] ed 137. West 14th Street, New York 11, N.Y. i 
- Please send me, without charge, your new” 4 
Type DPD Connectors are permanent r color booklet showing how Norma Pencils 
E i fe ¢ T ee i  ¢ installations in rack and panel equip- i help to speed special daily tasks. 
ment ...mate automatically - ae have NGM ivcieciecesccoccseecccucnsnecsvhacetseentencesiyiasaiena si tete eta . 
: weight and space-saving advantages l 
a Since 1915 over other connector types. Be Address. a..cccsvssccsoessstieesssetereutees Bese eee ae 
LOS ANGELES 31, CALIFORNIA ; City........ wish Pa ducta ant uataaspaens wee ZONGs cceseeee State......... ( 
RS Gl Ge) a es Se ee ey ee ES) Ge 
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a —_TINY: : > DEPENDABLE « ° SPACE-SAVING 


UL COMPLETE 


DISC CERAMIC LINE 


Sprague- Herlec Cera-mite Capacitors are a “‘must’’ for modern 
television circuits. 

Now available in NPO and N750 temperature-compensating 
bodies and in two different high-K bodies, Cera-mites meet 
most application needs in the 10 mmf to 15,000 mmf capaci- 
tance range. . 

These miniature capacitors offer set designers maximum space 
economy, ease of mounting, and improved very-high-frequency 
performance. | 

The. flat disc with uni-directional lead construction has min- 
imum self-inductance and a higher self-resonant frequency than 
a tubular design; hence improved v-f bypass efficiency. 

Sprague-Herlec Engineering Bulletin 601B gives the complete 
list of standard ratings as well as performance specifications. 
Write for your copy today! 


* Trademark 


ae ) Q 1) fh U E SPRAGUE ELECTRIC company 


PIONEERS IN | 
ELECTRIC AND ELECTRONIC DEVELOPMENT 


THE HERLEC CORPORATION «© Milwaukee 3, Wisconsin 


(Wholly owned Sprague Subsidiary) 
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FOR CABLE YOU CAN 
INSTALL WITH CONFIDENC 


asta yak pone aD 


Multi Conductor RoZone-RoPrene* Power Cable— RoZone-RoPrene Station Control Cable—600 Volts 
5000 Volts . aS Se 


ae 


8000 Volts Ungrounded Neutral ; 2001 to 8000 Volts nae 


‘ 


Single Conductor RoZone-RoPrene Power Cable= | RoZone-RoPrene Series Street Lighting Cable— 


s 
. a ee ee 
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The Superior 
Ozone Resistant Insulation 


In high voltage applications where long service life under 
severe conditions is imperative, Rome RoZone insulation 
is outstanding. A high quality oil-base compound, its re- 
sistance to corona and ozone cutting is exceptional. This, 
combined with unexcelled resistance to moisture, as well 
as aging, heat and sunlight, makes Rome RoZone insulated 
cable completely trouble-free ...a cable you can install 
with complete confidence. 3 

Rome RoZone is the result of years of successful operat- 
ing experience, modern chemical knowledge, materials 
and up-to-date facilities. Its remarkable stability in water 
recommends it as the insulation for cables to be buried 
direct in earth, in wet locations, even for d-c operation 
where electro-osmosis presents a difficult problem. High 
dielectric and impulse strength, excellent aging character- 
istics, plus immunity to corona and ozone cutting especially 
qualify Rome RoZone as a superior high voltage insulation. 

The dependability and high quality of Rome RoZone 
have made it first choice for many applications. 


Rome RoZone is the Ideal Insulation for: 


High Voltage Power Cables 
Series Street Lighting Cables 
Station Control and Signal Cables 


General Purpose Wiring Where Dependable 
Quality is Paramount 


It Costs Less To Buy the Best 


*T.M. Reg. 


ROME CABLE 


ROME - NEW YORK ) 
From Bar to Finished Wire 
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oZone 


Unretouched photo 

of RoZone specimen 

after long-time 
ozone test 


Unretouched photo 
of conventional 
rubber specimen 
after short-time 

ozone test 


Check These Rome RoZone 


Premium Quality Features: 


e High Dielectric and Impulse Strength 


e Excellent Resistance to Corona and 
Ozone Cutting 


e Remarkable Electrical Stability in Water 


e Inherent Resistance to Heat, Aging 
and Sunlight 


JUST OFF THE PRESS! 


The New Rome Power and Control Cable Catalog 


This new sixty-page catalog will 
be an important addition to 
your book shelf! Complete in 
every detail, it includes de 
scriptions, specifications, test 
data and suggested applica- 
tions for all Rome Power and 
Control Cables. You'll find it 
invaluable for specifying. 
Mail coupon below today! 


ROME CABLE CORPORATION, Dept. EE-12, Rome, N. Y. 


Please send copy of new Rome Power and Control 


Cable Catalog. 

IN CLINI ee are osc nn reas reman eae ece ne pernyc conan anganeetl 
(fofesy ovo {6 gainers ta ence eM EN eta ns emer ayers 
Uo leh gk: | ee rpm one Men eer ans PY A ener Ae ee err 


a4 
100 KVA Type F Transformer 
2400/ 120/240 


450 KVA, Type F Unit Substation, 
4160 V. Delta, 60 Cycles, 3 O— 
120/208Y, 4 wire. 


ONE OF THE WORLD'S LARGEST 
MANUFACTURERS OF DRY TYPE 
TRANSFORMERS EXCLUSIVELY 


1 to 2,000 KVA up to 
15,000 Volts to meet 
Individual Requirements 
@ DISTRIBUTION 
GENERAL PURPOSE 
UNIT, SUBSTATION 
PHASE CHANGING 
ELECTRIC FURNACE 
RECTIFIER 
WELDING 
MOTOR STARTING 
SPECIAL 


Representatives in 
Principal Cities 
MARCUS TRANSFORMERS 
CONFORM TO THE STANDARDS 
OF N.E.M.A. AND 4.1.E.E. 


48A 


Made by a pioneer in the dry type, air- 
cooled transformer field. Eliminate 
need for liquid filled units. No hazard- 
ous, inflammable oil or toxic liquid to 
fuss with. Maintenance of oil level, 
foreign matter, sludge accumulation, 
and subsequent filtering are relegated 
to the “horse and buggy days”. 


MARCUS DRY TYPE, 
AIR-COOLED TRANSFORMERS 


ARE SAFE —No explosion or fire 
hazards. No fire proof vaults. Class 
B and C heat proof insulations. 


ARE ECONOMICAL — Lower cost 
installation and operation, negligible 
maintenance. 


For the transformer that’s second to 
none, specify MARCUS. 


wv Cu 
ty a 
‘ 
Cy a ¢’ 
SY 


TRANSFORMER CO. 


INC. 
32 MONTGOMERY STREET 
HILLSIDE 5, NEW JERSEY 


PIONEERS IN THE FIELD OF AIR-COOLED TRANSFORMERS 
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MEASUREMENTS 
CORPORATION 
Model 59 


FrOnRs 


SO 


SENSI TY 


MEGACYCLE 
METER 


Radio’s newest, multi-purpose instrument con 
sisting of a grid-dip oscillator connected to its 
power supply by a flexible cord. 


Check these applications: 

© For determining the resonant frequency of 
tuned circuits, antennas, transmission 
lines, by-pass condensers, chokes, coils. 

e For measuring capacitance, inductance, 
Q, mutual inductance. 

e For preliminary tracking and alignment 
of receivers. 

e As an auxiliary signal generator; modu- 
lated or unmodulated. ; 

e For antenna tuning and fransmitter neu- 
tralizing, power off. 

© For locating parasitic circuits and spurious 
resonances. 

® As a low sensitivity receiver for signal 
tracing. 


SPECIFICATIONS: 
Power Unit: 5Yg“ wide; 
64%“ high; 72“ deep. 
Oscillator Unit: 334% 
diameter; 2” deep. 

FREQUENCY: 
2.2 mc. to 400 me, 
seven plug-in coils. 

MODULATION : 
CW or 120 cycles; or 
external. 

POWER SUPPLY: 


110-120. volts, 50-60 
cycles; 20 watts, 


TELEVISION 
INTERFERENCE 


The Model 59 will 
enable you to make 
efficient traps and 
filters for the elim- 
ination of most TV 
interference. 


Write for Special 
Data Sheet, 59TVI 


MEASUREMENTS CORPORATION} 


BOONTON 


A) NEW JERSEY 
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Write today for free booklet on “Teflon” T 
‘ape. 
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This inadequate, open-type switchgear was replaced by 
the new G-E Metal-clad equipment shown below. Free- 
port Sulphur officials recognized that the old switchgear 
had outgrown its usefulness. 


Here’s the new General Electric 5-kvy Metal-clad switch- 


gear installed at Freeport Sulphur. Magne-blast power 


circuit breakers have plenty of “IC” (Interrupting Capac- 
ity) to handle all short circuits that may occur on Free- 
port’s expanded distribution system. This assures con- 


tinuous power for vital production. 


: 
| 
. 
: 
‘ 
; 
: 
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Bethlehem’s A and B coatings. Note the extra heaviness of the B, which means years of extra 
service. Each coating has its uses, but even where A will do the job, B is often preferable. 


The Strand, Coaling thal Last 


TWICE AS LONG! 


If you've been using Bethlehem strand with the A-- 
weight coating (or another brand with extra-galva- 


nized), here’s good news. Good because it can save 
you lots of money. 

The Bethlehem A is a mighty fine coating; but 
there are, of course, many locations where economy 
dictates a heavier jacket. 

For instance, the Bethlehem B-weight. It’s twice as 
thick as the A; will normally last twice as long — 
yet the extra first cost is very small. 

Even in locations where the A is generally satis- 
factory, the heavier B-weight is often the logical 
choice. For, lasting twice as long, it naturally means 
less frequent strand replacement. And let us repeat: 
the slight extra cost of the B is as nothing, compared 
to its extra life. 

Nowadays engineers want a strand that will last 
as long as pole structures treated by modern methods. 


That's why Bethlehem’s heavier coatings are so often 
called for by farsighted utility companies. When you 
specify bethanized strand with the pure, electrolytic 
zinc jacket, you aren't limited to one coating weight 
— or even two. In addition to A and B, there’s a still 
heavier grade, C, for extremely corrosive conditions. 
Thus strand life can be matched to the life expectancy 
of the line itself — with resultant economies. 

We'd like to give you the full story. Why not ask 
our representative to spend some time with you and 
explain more fully? 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 
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eee for laprmed 
High-Voltage Switching 


PACIFIC ELECTRIC TYPE RHE 
OIL CIRCUIT BREAKERS for 


REDUCED MAINTENANCE 
IMPROVED RELIABILITY 


Verify the worth of each of these 
listed features in the light of your 
own experience 


Only One Moving Element in the Tank 


Moving as one piece, the rotary blade-structure provides 
six equal-length gaps in series per pole, totaling 80 to 96 
inches, according to rating. 


All gaps open at equal speed throughout entire stroke, and 
open fully before reclosing starts. 


The rotary form permits adequate blade acceleration with- 
out need of auxiliary levers or multiplying linkage in the 
contact housings for increasing initial speed. 


Above: © Nested Sliding-Shoe Contacts 
Sectional Elevation we : : ok 
196/230-kv Rating. No sensitive adjustments required to fix closed position. 


Arcing does not affect surface carrying load current. 
Wiping action smooths and cleans surfaces. 


Leaf springs apply adequate pressure regardless of wear 
of the shoes; eliminates need of pressure adjustment. 


As moving contacts do not charge auxiliary springs nor 
drive contact linkage, impact on bushings and battering of 
stationary contact shoes is negligible. 


Ah set Neaecee » Improved Interrupters i 


with Interrupters Re- ; : ob: 
). Oil blast interrupters confine thermal effects within the 
interrupting chambers. Oil is not directed into or alongside 


of arc path; however, relatively cool oil vapor rapidly replaces 


eg we oti ionized portions. The usual large gas bubble does not form, 
fie anh zn with the result that ground shock and jar caused by oil dis- 


placement within the tank is eliminated. 


Oil-gas separators are thereby rendered unnecessary, so 
are not used. ‘ 


ae PACIFIC ELECTRIC 


5815 THIRD ST., SAN FRANCISCO 24, CALIF. 


@ 


PACIFIC "RHE" Oil Circuit Breakers 


Many of America’s leading power systems 
have installed these circuit breakers, or 
have them on order. 


Oil-Hydraulic Compressed Operating Springs 


The compressed operating springs stand ready for action 
—for years, if necessary-—without anything meanwhile hav- 
ing to move or operate. 


Operating-spring compression is by motor-operated oil- 
hydraulic jack which is under pressure only during compres- 
sion of the springs. 


Motor-Operated Main Mechanism 


The opening and closing latches, the closing-energy sys- 
tem, oil-hydraulic decelerators, control circuits, and auxiliary 
switches are housed in dust-proof cabinet mounted on No. 1 
pole. All operating forces are self-contained within com- 
pression tubes that surround pull rod and connect main and 
tank-top mechanism housings. 


The velocity of any mechanism part (aside from the open- 
ing latch) does not exceed 8 ft. per sec. (the speed of a body 
falling one foot). Impact is thereby eliminated as a problem. 


The mechanism is electrically and mechanically trip-free. 


Opening Forces Externally at Tank Tops 


Each pole has individual external kick-off springs that 
apply opening force directly to the crank arm of the rotating 
unit. For ease of inspection, all opening toggle linkage is 
also outside of the tank. A follow spring at end of pull rod 
on No. 3 pole completes the opening stroke that was started 
by the tank-top kick-off springs. 


Emergency Manual Operation 


Should control power fail, manual latch tripping provides 
a close-open or open-close-open sequence as necessary. If 
power remains off, two minutes operation of hand oil pump 
restores full operating energy. 


Advanced Design 


Integral assemblies and multiple functioning of parts 
greatly simplify and reduce number of parts and adjustment 
points. Mechanical linkage interlocking eliminates need for 
an anti-pumping relay, and it permits reduction of the num- 
ber of position-check switches to only one. 


MFG. CORPORATION 


P. O. 


BOX 419, GARY, INDIANA 


3-Cycle Interrupting; 10-Cycle Closing; 
15- to 45-Cycle Adjustable Reclosing 
115, 138, 161, 196/230, and 230 Kv 


Continuous Rating, 800 and 1200 Amp 
Interrupting Rating to 10,000,000 Kva at 230 Kv 


Design interrupting tests up to 9,620,000 kva 
were conducted on prototype circuit breakers 
at the Grand Coulee Switchyard in June, 1948. 


Main 
Operating 
Mechanism 

with doors open. 
Shows oil-hy- 
draulic cylinder 
centered be- 
tween double | 
closing-spring : 
barrels. a 


Below: 
Twe 196/230-kv 
Type RHE's 
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Here’s the fast, inexpensive way to take care of 
electrical loads that have outgrown their conduits — 
just replace present cable with Rockbestos A.V.C.... 
with Rockbestos A.V.C. you can increase conduit capacity 
without increasing conduit size. 


Use A.V.C. whenever load growth outruns present 
wiring. With it you can easily increase capacity with- 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


out buying and installing larger conduit or fittings. 
Write today for the booklet “Rx for a Building with 
Hardening of the Electrical Arteries.” 


ROCKBESTOS PRODUCTS CORPORATION 
NEW HAVEN 4, CONN. 

CLEVELAND DETROIT 
ST. LOUIS LOS ANGELES 


NEW YORK 
PITTSBURGH 


CHICAGO 
OAKLAND, CAL, 


ROCKBESTOS A.V.C. 


has a HIGHER AMPERE RATING 
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ICKER$ 


MAGNETIC 


a SL a 


HIGH PERFORMANCE 


For 60 cps power sources—28 
styles — maximum output 
powers from milli-watts to 108 
| watts. For 400 cps power sources 
| —20 styles—maximum output 
powers from 30 watts to 385 
watts. 


HIGH GAIN 


For 60 cps power sources — 22 
styles — maximum output 
powers from 12 watt to 1200 
watts. 


HIGH POWER 
For 60 cps power sources—27 styles—maximum output powers 
| from 62 watts to 4200 watts. 


TYPICAL APPLICATIONS 


Servomechanisms — Line-To-Line 
Voltage Regulators — Hydraulic 
Transmission Controls—A-C and D-C 
Generator Voltage Regulators—Speed 
and Frequency Regulators — Lamp 
and Furnace Controls— Temperature 


Regulators—Time Delay Devices. 


All amplifiers fur- 


nished complete with 
Vickers special Seleni- 
um Rectifiers. 


Now More Than 90 STANDARD 


Styles Offer These Advantages 


| 
e@ HIGH PERFORMANCE | 
@ NO MAINTENANCE 
| 
H 
J 


@ RUGGED CONSTRUCTION 
NO MOVING PARTS | 


@ NO WARM-UP TIME 
@ A-C OR D-C CONTROL 
A-C OR D-C OUTPUT | 
@ RESPONDS TO SUM OR DIFFERENCE =| 
OF SEVERAL SIGNALS | 
@ ALLOWS ELECTRICAL ISOLATION 
BETWEEN CIRCUITS 


WRITE FOR BULLETIN 20-A 


for information on the complete 
line of Vickers Standard Magnetic 
Amplifiers. Please make request 
on your letterhead. 


ee ~ +E: C. a ss 
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VICKERS ELECTRIC DIVISION 


1805 LOCUST STREET e ST.LOUIS 3, MISSOURI 
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VIBROGROUND 


@ Push - Button @ True readings, 

Operation regardless of earth 

A 5 resistance and con- 

@ Direct-Reading dition, stray fre- 

@ Completely Self- quencies, voltages 
Contained or currents 


YOu can be sure of safe, effec- 
tive grounding of all types of elec-- 
trical systems when you test with 
the light, easy-to-use Vibroground. 
Simple operation and built-in ac- 
curacy virtually eliminate reading 
errors. No leveling, cranking or 
Outside power source is necessary; 
and direct readings are independ- 
ent of auxiliary probe resistance. 
Full data on Vibrogrounds, 
including testing techniques and 
illustrations, is yours for the asking. 


3754 WEST BELMONT AVENUE ® CHICAGO 18, ILLINOIS 


Micumiaie SYNCHROS - 


are required 


SPECIFY 


e Proved Precision 
Accuracy 


e Meet Government 
Specifications 

e Corrosion Resistance 

e Fungus Resistance 

e Available in wide 


selection of 


WRITE FOR NEW sizes 


TELESYN BROCHURE: 


Division of the Sperry Corporation 


31-10 Thomson Avenue 
Long Island City 1, N.Y. 
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PHYSICISTS, ENGINEERS, 
APPLIED 
MATHEMATICIANS 


Electronic and mechanical engineers, 
physicists and applied mathematicians. 


POSITIONS AVAILABLE 
AT ALL LEVELS 


for research and development in radar, 

microwaves, servo systems, computers, © 

telemetering, instrumentation and 
nucleonics. 


Permanent positions offering variety, 
responsibility, and challenging 
opportunities for advancement. 


BENDIX AVIATION CORPORATION 
RESEARCH LABORATORIES 
4855 Fourth Avenue 
Detroit 1, Michigan 


Does Your Mobile Radio 
System Have Growing Pains? 


Whether you expand to 5 or 25 frequencies, or have to 
change frequencies, LAMPKIN’S heterodyne frequency meter 
will monitor them all to FCC specifications. Buy with an eye 
to the future! 


QUICK FACTS; Range 0.1 to 175 mc- 
Prices up to $202.00-One day delivery 


LAMPKIN LABORATORIES INC. 


FREQUENCY METER DIVISION 


SINCE 1932 Bradenton-Florida 


& BIBLIOGRAPHY on ELECTRONIC 
POWER CONVERTERS 


A compilation of considerable reference data on power 
rectifiers and inverters, published in chronological se- 
quence beginning with 1903. Items are arranged alpha- 
betically by the author’s surname, and are further classi- 


fied according to text matter. Prepared by the Sub- 
committee on Papers and Speakers of the AIEE Electronic 
Power Converter Committee. 


Priced at $1.00 ($0.50 to AIEE members), S-35 (February 
1950) is available from the Order Department, AMERICAN 
INSTITUTE OF ELECTRICAL ENGINEERS, 33 West 29th 
Street, New York 18, N. Y. 12-50 


DECEMBER 1950 


DECEMBER 1950 


Electrical e Electronics 
Electro-Mechanism Engineers 
wanted for 


MILITARY PROJECTS 


at North American Aviation, Inc. 
Los Angeles 


Excellent openings for engineers quali- 
fled in the fields of: 


System Design e Circuit Development e 
Equipment Specification Requirements e 
Radar Installation Design e Computers 
e Electrical Load Analyses e Communi- 
cation Equipment e Actuators e A. C. 
and D. C. Power Systems e Instrument 
Installation Design. 


Please include summary 
of experience in reply. 


Engineering Personnel Office 


Section 6 


NORTH AMERICAN AVIATION, INC. 
~ LOS ANGELES INTERNATIONAL AIRPORT 
LOS ANGELES 45, CALIF. 


ANALOGUE COMPUTER ENGINEER 


Experienced graduate electrical engineer with 
extensive background in analogue computer de- 
velopment, required to supervise analogue com- 
puter section. This engineer must be able to assume 
full technical responsibility and planning for pro- 
jects ranging from single equipments to complete 
system development. Here is a life time oppor- 
tunity for the individual who can organize a 
rapidly expanding facility. Submit detailed ré- 
sumé. Personal interview will be arranged. 

ENGINEERING RESEARCH ASSOCIATES, INC. 


1902 West Minnehaha Avenue 
St. Paul 4, Minnesota 


PROJECT ENGINEERS 


Opportunities exist for graduate engineers 
with design and development experience in 
the following: 

Analogue Computers * Servo Mechanisms ° Radar 

Electronic Circuits © Communication Equipment 

Aircraft Controls * Hydraulics * Instrumentation 

Electronic Packaging °* Printed Circuits 
Pulse Transformers ® Fractional H.P. Motors 


Submit resume to: Employment Department 
SPERRY GYROSCOPE COMPANY 
Division of the Sperry Corporation 
Great Neck, L. I., N. Y. 


TRANSMISSION- 
EQUIPMENT- 
DESIGN - ENGINEERS 


West Coast manufacturer of carrier equip- 
ment plans expansion program in United 
States and Canada. Wishes to contact a 
small number of experienced telephone and 
telegraph engineers interested in per- 
manent positions offering excellent futures 
in a well-established but expanding in- 
dustry. 

Several positions will become available 
during the next year. Salaries commen- 
surate with training and experience will be 
arranged for men selected. Please give 
full details in first reply. 


Lenkurt Electric Co. 
1105 County Rd., San Carlos, Calif. 
926 East Hastings St., Vancouver, B.C. 


PHYSICISTS and 
SENIOR RESEARCH ENGINEERS 


POSITIONS NOW OPEN 


Senior Engineers and Physicists having out- 
standing academic background and experience 
in the fields of: 


® Microwave Techniques 

®@ Moving Target Indication 
® Servomechanisms 

e Applied Physics © Applied Mathematics 
e Gyroscopic Equipment © Instrument Design 

@ Electronic Subminiaturization 

e@ Optical Equipment © Test Equipment 
© Computers e Automatic Production Equipment 
© Pulse Techniques @ Electronic Design 
e Radar © Flight Test Instrumentation 


© Fire Control 
® Circuit Analysis 
® Autopilot Design 


are offered excellent working conditions and 
opportunities for advancement in our Aero- 
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 


NORTH AMERICAN AVIATION, INC. 
AEROPHYSICS LABORATORY 
BOX NO. L-4 
12214 South Lakewood Boulevard, Downey, Calif. 
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CLASSIFIED ADVERTISING 


For help and situations wanted, $0.60 per line 
for AIEE members, others $1.00. Sale and 
purchase of used machinery, etc., $1.50 per 
line, minimum 5 lines, maximum 30 lines, not 
available to dealers. Address orders to: Classi- 
fied Section, ELECTRICAL ENGINEERING, 
500 Fifth Avenue, New York 18, N. Y. 


Positions Wanted 


ELECTRICAL ESTIMATOR—ENGINEER. Quali- 
fied to assume full responsibility, Estimating, Engineer- 
ing, Construction Administration, Sales. Now em- 
ployed as General Manager volume approximately 
million dcllars annually. Desire to locate New York, 
New Jersey, Pennsylvania, Maryland. Salary open. 
Available about December 15. Address: Box 994, 
ELECTRICAL ENGINEERING, 500 Fifth Avenue, 
New York 18, N. Y. 


PROJECT ENGINEER, Instrument specialist, over 
seven years experience on design and production of 
aircraft instruments, relays, alarm systems, etc. De- 
veloped ruggedized panel type A.C. voltmeters and 
D’Arsonval electrical instruments, capable of head- 
ing project or development group. Résumé avail- 
able. Address: Box 1008, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 18, N. Y. 


MANUFACTURING ELECTRICAL ENGINEER, 
age 35, B.S. in E.E. Registered professional electrical 
engineer; Journeyman machinist and toolmaker; 11 
yrs. diversified experience in manufacturing with 
positions as materials and development engineer, time 
and motion study, methods and tooling, production, 
foreman and general foreman of electric motor manu- 
facturing, and tcol supervisor. Experience with union 
negotiations. Past 3!/2 years employed as electrical 
instructor. Desires position as supervisor requiring 
above-average intelligence, initiative, and performance, 
connected with manufacturing. Best reference; loca- 
tion immaterial. Address: Box 1009, ELECTRICAL 
A hata amen 500 Fifth Avenue, New York 18, 


EXECUTIVE ENGINEER, M.S. in E.E., age 36, 
presently Chief Electrical Engineer, 15 years experience, 
resourceful, capable of getting results, broad experience 
designing heavy duty equipment, supervising installa- 
tions, estimating costs and co-ordinating engineering 
projects to meet a rigorous schedule; extensive knowl- 
edge of electro-chemical development and research 
projects, including electro-metallurgical powdered 
metal and ceramic processes; also electronic devices; 


Engineering 
ocieties 


New York 
8 West 40th St. 


Chicago 
84 East Randolph St. 


In applying for positions advertised by the Service, the 
applicant agrees, if actually placed in a position through 
the Service as a result of these advertisements, to pay a 
placement fee in accordance with the rates as listed by the 
Service. These rates have been established in order to 
maintain an efficient, non-profit personnel service and are 
available upon request. This also applies to registrants 
whose notices are placed in these columns, 


Positions Available 


ENGINEERS. (a) Distribution Engineer, electrical 
graduate, 30-40, with some general experience in 
electrical distribution for a 10,000 KVA steam power 
station. (b) Maintenance Engineer, electrical graduate, 
30-40, with some general maintenance experience in 
the electrical field, plus electrical industrial plant layout. 
Location, northern New Jersey. Y-4213. 


ELECTRICAL ENGINEER, graduate, with heavy 
industrial plant experience, including motors, drives, 
and automatic controls for plant engineering duties, 
reporting directly to the chief engineer of steel mill. 
Location, Pennsylvania. Y-4241. 


PRODUCTION CONTROL SUPERVISOR, 30-40, 
preferably industrial or electrical graduate, with four 
to seven years’ experience in production and material 
control, including planning and scheduling for main- 
tenance and repair of heavy motors or railroad ma- 
chinery and equipment. Will be responsible for 
organization and administration, planning and schedul- 
ing, production control, records, analyses, customer 
contacts, wage incentive programs, cost reduction and 
liaison with other departments. Salary, $5500-$6000 
a year. Location, Connecticut. Y-4330. 


62A 


intensive post-war training in electronics, servo-mech- 
anisms, business economics. Good organizer who 
gets along well with people, desires responsible ad- 
ministrative or executive position paying minimum 
salary of $12,000. Southwest preferred but will go 
elsewhere. Address: Box 1010, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 18, N. Y. 


ELECTRICAL ENGINEER, Power generation, trans- 
mission, distribution, design, calculations, studies, 
reports. Well grounded in theory, cost conscious. 
Desires responsible position. Will locate abroad. 
Address: Box 1011, ELECTRICAL ENGINEERING, 
500 Fifth Avenue, New York 18, N. Y. 


ELECTRICAL ENGINEER, Registered B.S. Colum- 
bia, age 33, married. Ncw empleyed. 3 years in- 
dustrial light & power design, 3 years interstate gas and 
electric rate work, 2 years electronic development with 
administrative experience in small firm. 3 years naval 
officer. Wish to locate with engineering firm or central 
office doing diversified power work. Address Box 1012, 
ELECTRICAL ENGINEERING, 500 Fifth Avenue, 
New York 18, N. Y. 


ELECTRIGAL ENGINEER, age 36. Have degree 
and professional license. Chief Engineer large industry 
2 years. Professor of E.E., State University, 3 yrs. 
Design distribution, transmission and industrial dis- 
tribution, all phases; also 2 yrs. industrial electronics. 
Locate anywhere, $10,000 pee year. Write for complete 
specifications; Box 1019, ELECTRICAL ENGINEER- 
ING, 500 Fifth Avenue, New York 18, N. Y. 


Positions Open 


DEVELOPMENT ENGINEER—ELECTRONICS— 
Recent graduate in Electrical Engineering of Physics 
with interest and aptitude for development of electrical 
controls for special purpose production machinery. 
Prefer man with one or two years’ experience along 
these lines, Excellent working conditions. Permanent, 
Please send complete résumé to Box 1013, ELEC- 
TRICAL ENGINEERING, 500 Fifth Avenue, New 
York 18, N. Y. 


PATENT ENGINEERS—Large and well established 
Ohio corporation in the automotive field has openings 
fcr patent engineers to act in a liaison capacity between 
Engineering and Patent Departments. The work 
comprises fact-finding investigations, preparation of 
preliminary drafts of patent applications and general 
assistance to technical personnel in the fields of me- 
chanical and electrical engineering. In answering, 
give details of education, experience and salary expected, 
including a photograph. ll inquiries and applications 
are strictly confidential. Address: Box 1014, ELEC- 
TRICAL ENGINEERING, 500 Fifth Avenue, New 
York 18, N. Y. 


ELECTRICAL ENGINEER—recent graduate, pre- 
ferred age 25-30, for general engineering work in 
electrical and instrument departments of chemical 


Personnel Service, Inc. 


Detroit 
100 Farnsworth Ave. 


San Francisco 
57 Post St 


Apply by letter addressed to the key number and 
mail to New York Office. When making application 
for a position include six cents in stamps for forwarding 
application to the employer and for returning when 
necessary. A weekly bulletin of engineering positions 
open is available to members of the co-operating societies 
at a subscription rate of $3.50 per quarter or $12 per 
annum, payable in advance. 


ELECTRICAL EDITOR, 35-40, electrical degree, 
with five to ten years’ industrial plant experience in 
installing and maintaining all types of electrical equip- 
ment. Should be familiar with the problems and view- 
points of plant operating executives in production, 
engineering and maintenance. Will be responsible for 
all. editorial material about electrical equipment and 
electronic devices used to operate, service or maintain 
industrial plants. Need not be a skilled writer, but 
should be interested in writing. Salary, about $5000 
a year depending on experience. Location, New York, 
N.Y. Y-4345. 


ENGINEERS. (a) Technical Writer, electrical grad- 
uate, with at least three years’ writing specifications and 
procedures covering electronic equipment, to write 
instruction manuals. Salary, $3900-§5400 a year, 
(b) Field Engineer, electrical graduate, with at least 
three years’ service experience covering radar and pulse 
equipment, to supervise installation, operation and 
maintenance of electronic equipment. Salary, up to 
$6900 a year plus 25% extra on foreign assignments. 
Location, Maryland. Y-4376, 


ELECTRICAL ENGINEER, 30-35, with at least 
five years’ sub-station operating experience, including 
large power rectifiers, to assist power engineer in plant 
operation and maintenance. Some experience in 
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manufacturing company. Location, Western New 
York State. Address: Box 1015, ELECTRICAL 
ENGINEERING, 500 Fifth Avenue, New York 18, 
N.Y. : 


NEEDED AT ONCE—Experienced Physicists, Chemists 
and Engineers—Mechanical, Electrical, Electronic and 
Chemical, for work on an Atomic Energy Project in the 
San Francisco Bay Area, by California Research & 
Development Company. Airmail complete summary 
education, training, experience, expected salary and 
references to Standard Oil Company of California— 
Employment Office, 225 Bush Street, San Francisco 20, 
California. 


ELECTRIC MOTOR PRODUCTION DESIGNER— ~ 
To apply the best commercial production, design, and 
fabrication practises to the design of electric solonoid 
motors of two to one hundred horsepower ratings. — 
Excellent fundamental theoretical background as well 
as experience in the field of commercial electric motor 
production design is essential. Unusual opportunity. 
Please address replies directly to: BATELLE MEMO- 
RIAL INSTITUTE Industrial and Scientific Research, 
505 King Avenue, Columbus 1, Ohio. : 


DEVELOPMENT ENGINEERS—Leading aircraft 
accessory manufacturer needs experienced electrical 
design engineers for permanent positions with experience 
in any of the following fields: Component design 
(reactors, solenoids, filters, relays), servomechanisms, 
magnetic amplifiers, regulators, switchgear. Location— 
Northern Ohio; Salary—Commensurate with ability. 
Submit résumé to Box 1016, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 18, N. Y. 


ELECTRICAL DESIGN ENGINEER—Experienced 
in design of single phase and polyphase fractional horse- 
power motors. Excellent opportunity. Salary open. 
Midwest area. Send résumé to: Box 1017, ELEC- 
TRICAL ENGINEERING, 500 Fifth Avenue, New 

York 18, N. Y. : 


ELECTRICAL DESIGN ENGINEER—Experienced 
D-C motor or generator designer for work on Aircraft 
Electrical Accessories. Permanent position. Excellent 
opportunity. Location, Midwest. Address: Box 1018, — 
ELECTRICAL ENGINEERING, 500 Fifth Avenue, 
New York 18, N. Y. 


ELECTRICAL ENGINEERS—Aircraft: Aircraft elec- 
trical design engineers with five or more years’ experi- 
ence in installation design, systems design, or applica- 
tion engineering. We also have challenging openings 
for radio and radar engineers with considerable expe- 
rience in aircraft equipment, design, application or in- 
stallation. Contact the Engineering Personnel Section, 
Chance Vought Aircraft, P.O. Box 5907, Dallas, Texas, 


ELECTRICAL ENGINEER, specialized knowledge of 
high frequency motors of 400 cycle range with respect 
to design and manufacturing. Opportunity to head 
this activity and make sales engineering contacts. Write 
to: Mr. Bradley, P.O. Box 11, West Toledo, Ohio. 
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industrial steam power plant highly desirable. 


Salary, 
$5000-$6000 a year. Location, Ohio. 


Y-4394, . 


2 
TECHNICAL TRANSLATOR with excellent knowl- 
edge of Russian and English. Must have good back- — 
ground in at least two of the following subjects: aero- 
nautics, electronics, physics, mechanical engineering, 
organic and inorganic chemistry, guided missiles, mathe- 
matics, ballistics armaments and optics. Work consists 
mainly of identification as well as abstracting, translating 
and “oral” translating. Will be in contact with engi- 
neers and specialists in the above fields Salary, $5200 
a year minimum. Location, Ohio. Y-4404. 
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ELECTRICAL ENGINEER with experience in the 
design of 4,000, 33,000 and 66,000 volt substations, 
who can assume project dy ar eee produce the 
rough basic design concept for the draftsmen, select 
and order the equipment, prepare the specifications 
for the construction and eventually follow the project 
in the field. Some experience in the design of wood pole 
and steel tower transmission lines desirable. Salary, to 
meg a year. Location, New York State. 


DESIGN ENGINEER, 24-30, electrical graduate, 
with design and layout experience in industrial power 
field, to design, layout and prepare specifications for 
electric power generating stations, steam generating 
stations, power distribution systems, water pumping 
stations, water treating plants, and compressed air 
systems. Surveys and economic studies in this field are. 
included. Location, New Jersey. Y-4439. 


PROJECT ENGINEER, 30-40, preferably mechanical 
engineer with some electrical engineering experience. 
Will be requred, to develop new equipment and ma- 
chinery and follow through on actual installation and 
production. Salary, about $5000 a year, depending 
on qualifications. Location, Pennsylvania. Y-4443. 


DESIGN DEVELOPMENT ENGINEER (audio trans- 
formers), electrical, 26-35, with a minimum of two 
years’ actual experience in audio transformer field. 
Some knowledge of shop operations desirable. Will 
work to customers’ specifications in engineering depart 
ment for a manufacturer of transformers. Salary, 
$3600-$4200 a year. Location, Chicago, Illinois. 
R-6881 (a). 


DECEMBER 1950 © 


ee ee ee 


An invitation from Lotkheed in California to 


SENIOR 
ELECTRONIC SYSTEMS 
ENGINEERS 


Lockheed invites you to participate in its 
long-range production program, developing 
the aircraft of the futtre. 
Lockheed offers an attractive salary com- 
mensurate with your ability and background, 
a future in aeronauticpl science. In addition, 
Lockheed provides generous travel allow- 
ances for those who qualify. 
Tf you have: 
1. An M.S. or Ph.D. i 
Physics — 


Electrical Engineering or 


2. A minimum of three years’ experience in 
advanced electronic systems development, 
including radar microwave techniques, ser- 
vomechanisms, computers and fire control — 


wo 


. Familiarity with 
ment requirement 


tborne electronics equip- 


Write today—giving full details as to education, 
experience and salary] requirements. Address: 
Karl R. Kunze, Employment Manager 


LOCKHEED Aircraft Corporation 
Burbank, Caljfornia 
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ATOMIC POWER 


WESTINGHOUSE 
ELECTRIC CORPORATION 


IMMEDIATE OPENINGS for 
experienced senior and junior 
engineers 


® Circuit designers, sequence 
control and regulating sys- 
tems. 


@ Designer of amplifiers for 


indication, detection and 
control functions. 


@ Designer for servosystems 
in the instrument range. 


For application write: 


Manager, 

Technical Employment 
WESTINGHOUSE ELECTRIC 
CORPORATION 
306 Fourth Avenue 
Pittsburgh 30, Pa. 


Professional Engineering Directory 


BLACK & VEATCH 
Consulting Engineers 


Electricity —W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


N. A. LOUGEE & COMPANY 
Engineers and Consultants 


REPORTS—APPRAISALS—DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
Industrial Plants—Grade Separations 


Railroads—Subways—Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, ILL. 
79 McAllister St., SAN FRANCISCO 2, CALIF. 


MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Jerry B. Minter 
John M. van Beuren 


Specialists in the Design and 
Development of Electronic Test Instruments 


BOONTON, WN. J. _ 


PATENTS DESIGNS Roland R. Miner Lottye E. Miner 
NOVELTY SEARCHES COPYRIGHTS ember AIEE Associate AIEE 
PETER FRIES, JR., EE. MINER & MINER 
Registered Patent Attorney J De ip Se oe if 
110 Fast 42nd § Design - Development - Investigations 
ast 42nd Street aluations 


New York 17, N. Y. 
Telephone: MUrray Hill 6-4476 


Experience in the utility, industrial and 
appliance manufacturing fields 
1825 Tenth Avenue Greeley, Colorado 


EDWARD A. GAUGLER, PH.D. 
Consulting Physicist 
Magnetic Materials and their 
Applications 


417 SHEPHERD STREET 
CHEVY CHASE, MD, 


Telephone: Wisconsin 6106 


Eugene Mittelmann, E.E., Ph.D. 
Consulting Engineer & Physicist 


High Frequency Heating -IndustrialElectronics 
Applied Physics and Mathematics 


549 W. Washington Blvd. Chicago 6, Ill. 
State 2-8021 


Consult 
STANLEY B. HARE 
; Z. H. POLACHEK 
Ro ee Registered Patent Attorney 
ectrical Design 1234 BROADWAY 
Commercial and Special Motors (At 3st St.) 
3479 Union Pacific Avenue New York 1, N. Y. 


LOS ANGELES 23, CALIF. PHONE: 


LO. 5-3066 


LEE P. HYNES 
Consulting Engineer 


SANDERSON & PORTER 


DESIGN - INVESTIGATIONS - REPORTS ENGINEERS 
APOMATG OPENATIONS ~ SAFETY SND 
HEAT TRANSFER - PRESSURE VESSELS CONSTRUCTORS 
ELECTRIC HEATING - CONTROLS eee oo = ry 
36 West End Avenue Haddonfield, N. J. SAN FRANCISCO LOS ANGELES 


JACKSON & MORELAND 
ENGINEERS & CONSULTANTS 


Design and Supervision of Construction 
Reports—Examinations—Appraisals 
Machine Design—Technical Publications 


BOSTON NEW YORK 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 


THE J. G. WHITE 
Engineering Corporation 


ERVIN JOHNSON, E.E. 


REGISTERED PATENT ATTORNEY 


409 13th Street Oakland 12, Calif. 
Telephone: GLencourt 2-1900 


Design—Construction—Reports— 
Appraisals 
80 BROAD STREET NEW YORK 


Professional Engineering Directory Card 1”x 2” 6 times $60.00 12 times $90.00 
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MORGANITE 


CARBON PILES — 


—for smooth 
voltage control 


This simple method of voltage 

control has proven reliable in countless 
miles of transportation through the air 

and on the ground. Let Morganite engineers 
demonstrate its advantages to you. Your 
inquiry will receive prompt attention 

and there will be no obligation 

on your part. 


INCORPORATED 


LONG ISLAND CITY 1, NEW YORK 


~ REGISTERED 


TRADE MARK 


Manufacturers of Morganite Corbon Brushes and Self-Lubricoting 
Carbon Specialties including Seals, Rings, Valves, Bearings, ete. 
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““BUTYL-MOLDED”’ 


\ 


{ 


WAAAY: 


TYPE JKM-3 illustrated 
5000 volts, 10 to 800 ampere 
ratings, 60-kv full-wave, carries 
150% rated current continuously* 
*800-ampere design carries 125%. 


FOR more information, contact your nearest G-E representative today 
or write for bulletin GEC-497. Apparatus Department, General Electric 


Company, Schenectady 5, New York. 
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Cale Electics Caan 4 


8439 Stellar Drive TExas 0-4701 Culver City, Calif. 


Tests made in our laboratory 
under severe icing conditions 
show the switch illustrated 
below, closed (left) and after 
opening (right). Ice was over 
1” thick. Only 450 inch pounds 
were required to open switch 


Air Break Disconnecting Switch—15,000 Volts, 600 Amperes, Type 0-2 
Vertical Break, Three Pole, Single Throw, Group Operated 
SILVER TO SILVER CONTACTS 
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Synchronizing the generator on a 
60,000 CFM Turbo-Compressor Unit 


The Tidewater Associated Oil Co., Eastern Division, Bayonne, N. J. writes: 


“When starting up this Turbo-Compressor, the Strobotac is used as 
a check on the built-in tachometer until the machine has reached 
its normal operating ‘speed of 4320 rpm. Coupled to the Turbo- 
Compressor through a reduction gear unit is a 1500 H. P. Asynchro- 


nous generator which must be energized or switched onto the plant ~ 


3-phase, 2300 volt electrical system while running at synchronous 
speed to prevent undue current surge... Strobotacs are also used 
in the Automotive Laboratory when it is necessary to “stop” valve 
actions, or similar repetitive motions for study.” 


Here, as in hundreds of instances, the Strobotac flash, by 
“stopping motion,” reveals conditions and causes, effects and defects, 
previously hidden or obscured. 


GENERAL RADIO COMPAN 


TYPE 631-B 


STROBOTAC® 


Direct-Reading Flashing Speed Range: from 600 
to 14,400 per minute — stops motion from 
100 to 100,000 rpm. 


Flash Duration: between 5 and 10 micro- 
seconds. 


Power Supply: 115 volts, 60 cycles. 
Power Input: 25 watts. 

Dimensions: 74/2 x 8%4 x 9% inches. 
Price: $125.00 

Write for your 24 page manual 
of stroboscopic techniques, 


“EYES FOR INDUSTRY.” 


EYES For INDUSTR 


s 
THODGrC on TAC ON taney 


Cambridge 39, 
Massachusetts 


90 West St., New York 6 920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38 


How RCA 


benefits electronic equipment manufacturers 


©® RCA Engineering in Depth begins 
with basic research, progresses 
through design and production, and 
ends with the field engineering 
group, right at your doorstep. 


It is important to you because the 
collective experience of these en- 
gineering groups works unceasingly 
toward solutions of your problems 

. through the development and 


application of improved electron 
tubes and components . . . and 
through a personal and confidential 
appraisal of your specific require- 
ments and their translation into 
practical, economical equipment. 


When you deal with RCA, you are 
dealing with the most seasoned, 
highly integrated, and extensive 
electronics engineering force in the 


field. The vast and impressive ex- 
perience of this group accounts for 
RCA’s engineering leadership in 
the development of better tubes 
and components in advance of the 
market. 


To put RCA Engineering in Depth 
to work for you... just phone or 
write RCA, Commercial Engineer- 
ing, Section L39-R, Harrison, N. J. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES AND COMPONENTS 


HARRISON, WN. J. 


- 
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